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In the present emergency the railroads of america have been 
chlled upon to exceed all past accomplishments under unprecedent- 
ed difficulties. The increase in the number of locomotives in 
service, the capacity loads being hauled, and the high speeds at 
which trains are now run have multiplied the problems of the men 
who run the railroads, 

The material in this manusl hes been develoned to assist the 
railroad fireman to perform the varied jobs involved in firing a 
modern locomotive more efficiently. The material should be of 
Value in connection with the training of new firemen and also in 
the solution of many problems being encountered by experienced 
firemen. 
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This Railroad Fireman's Manual was prepared in the Curriculum 
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The fireman of the modern locomotive must have a thorough 
knowledge of firing methods that must be pursued in order to 
evaporate as much water into steam as possible with every pound 
of coal burned, 


This manual contains information selected to give the new 
fireman a knowledge of locomotive-firing methods that have 
proved most satisfactory. This information may help the exper- 
jenced fireman to improve the results he is now getting. 


The contents of this manual include information units and 
procedure units, The units included in the Firing Information 
(Why-to-Do) Series, describe the equipment that the fireman uses 
and they also supply other information that will enable bim to 
do his work more intelligently. The wnits included in the Fir- 
ing Procedure (How-to-Do) Series, give step-by-step procedures 
for doing the jobs that a fireman must perform to maintain the 
proper steam pressure in a locomotive boiler, The Information 
Units alternate with the Procedure Units. In the table of 
contents the Information Units are listed in the left-hand 
column and the Procedure Units in the right-hand column, The 
units have been arranged into sections so that those dealing 
With the same topic are grouped together, 


A detailed index is provided in the back of the manual. 


There are different kinds of equipment used on loconotives 
and there are many variations in the application of it to indi- 
vidual locomotives. An effort has been made to make the infor- 
mation in this manual broad enough so that it can be applied te 
H1l1 locomotives in general use, References are given after seach 
unit in the Information Series. These can be used for more de- 
tailed information. 
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_ CREW COOPERATION 





OBJECTIVES 


1. To emphasize the importance of crew cooperation. 


&. To point out ways in which cooperation can be practiced. 
o. To list the fireman's duties. 
4. To show the value of reports. 
INTRODUCTORY INF 








In no other situation is close cooperation 
more important between. two persons than be- 
tween the fireman and engineman in the cab 
of a modern locomotive. Upon the decisions 
and performance of these two men depend the 
safety of the passengers and the crew, and 
the care of valuable freight and railroad 
equipment. 


The engineman is responsible for the loco- 
motive and the performance on the road, 

The fireman is responsible to the engine- 
man. <A recognition of this relationship 
and a willingness to cooperate will make 
for teamwork and will get the best possible 
results under all conditicns,. 


One steam failure resulting from poor firing 
or lack of crew cooperation is far reaching, 
and may tie up ean entire section of the railroad system. The aver- 
age person does not realize how much experience, information, and 
teamwork are necessary to bring about an "on-time performance," 





There are many ways in which the individuals responsible for the 
operation of a locomotive can help each other. Good cooperation 
will enable each individual to do his job better and will get the 
best performance and efficiency from each locomotive. The 
information in this manual points out some of the ways in 

Which the crew of a locomotive can cooperate, 





The material contained in this 
manual covers only that informa- 
tion which a locomotive fireman 
must have to fire the locomotive. 





as LOCOMOTIVE FIRING scutes a 
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It deals only with the fire and the boiler, 


Safety-first is stressed in this book because safety is most im- 
portant to railroad men. 


Detailed information about the equipment used on locomotives oan 
be found in catalogs and instruction manuals supplied by the mou- 
facturers of locomotive equipment, The references listed at the 
end of the informational units in this manual have much additional 
information. 


The fireman should get all the information he can about his job 

while he is getting experience so that he can use good judgment 

at all times and will know what to do at the right time, There 

are several sources of information that will be of great assist- 
ance to him. <A few suggestions are offered here: 


1. ASK other railroaders for correct information pertaining to 
the duties of locomotive firemen, 


&, Go to the engineman, He has had years of firing experience and 
knows the peculiarities of the locomotive being fired. 






oS. Ask the traveling fireman or supervisors for assistance with 
the regular work and with special problems. 


4. Take every opportunity to inspect break- 
downs and digabled engines. See what parts 
gave way and try to determine what caused 
each failure to occur, 


S. Observe how other men care for failures, 
as this knowledge may be of great value 
in an emergency. 


6. Read the instruction manuals for firenen 
frequently until you are familiar with 
the contents. 


7, Study the information and procedure in 
this manual, Heference books are listed af- 
ter each information unit. These give addi- 
tional infermation on many details and variations 
of the subjects covered, 


8 Use the Technical Department of the public libraries for 
additional information on locomotive firing. 
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The fire bullder, the engine watchman, und the hostloer 
Should make certain that the locomotive is turned over 
to the engine crew with a good, wellecoked fire, not over 
two gages of water, and steam pressure within rirty pounds 
ag maximum boiler capacity indicated on the badge 
plate, 


ELRERAN'S DUTIES ON ARRIVAL AT SNGINEROUSE 
1. Report to engine dispatcher or foreman. 
2. Consult bulletin board, 

oS» Compare watch with standard clock, 

4, Register on prescribed form. 


PIREMAN'S DUTIES AFTER ASSIGNMENT TO LOCOMOTIVE 





1. Note amount of water in boller, (Refer to Unit P-5.) 





Note steam pressure. 


Examine the firebox for leaking crown sheet, stay- 
bolts, and flues. 


Check for plugeed or honeycombed flues, 
Check condition of brick arch, 


Put fire in condition. (Refer to Units P-l, 
Peet, P-6, and I-15, ) 


Blow out water glass and gage cocks. (Refer to 
Unit P-5.) 


Compare gage cocks with water glasses. 


Check ooal supply.—See that coal is properly 
trimmed so that it will not fall off to cause 
waste of fuel and danger of injury to persons 
along the right of way. 


See that water, sand, flagging equipment, and all 
necessary tools are provided. Follow local in- 
structions. (Refer to page 14.) 


Close and secure all ash-pan openings provided 
with closures, Follow local instructions if 
these are to be left open. 
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LOCOMOTIVE FIRING 
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UNIT Tal 





Test injectors and water pumps to see that they 
work properly. (Refer to Unit P-5.)} 














Inspect stoker. (Refer to Units P-8 and P-4.) 


Lubricate stoker and coal pusher. 


Build up the fire with a SCOOP before starting 
out. Follow local instructions. 


Perform any other duties assigned by the ergine-kWane, io eee a 
Mal. pi 


W'S DUTIES ON THE THIP 

Observe all safety precautions. 

Start stoker operation and maintain a good fire. 
Inspect fire frequently. (Refer to Unit P-2.) 
Check size and condition of toal frequently. 
Watch, and call, all signals. 

Maintain proper steam pressure. 

Yainteain correct water level in boiler by even pumping. 
Plan ahead, and fire according to the need for stean,. 
Operate water scoop in cooperation with the engineman,. 
Avoid black smoke. (Refer to Unit P-13,) on 
Blow down boiler according to local instructions. 


Keep deck clean, 


Have two gages of water in the boil- 
ar or follow local instructions. 


Fase off on firing before arri- 
Val at terminal so that fuel 

Will not be wasted, but still 
maintain sufficient fire to keep 
the steam pressure up until the 
hostler takes charge. If possible, 
get fire in shape by hand firing. 
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Before arriving at the terminal at the end of the trip, shut 
off the stoker by putting the stoker-operating lever in neu- 
tral position and by closing the stoker-engine throttle valve 
and jet valves. The leakage ports will furnish sufficient 
steam to protect the steam jets and the distributing plate. 


Report to the engineman any defects in the boiler, firebox, 
stoker, water-supply system, or any other defects that affect 
ates performance of the locomotive or may cause a mechanical 
failure. 


WHERE COOPERATION COUNTS 


The engineman should avoid ways g, if possible, 
as this has a tendency to tear holes in the fire, 






—, The fireman should notify the engineman of any 
ye! bad condition in the firebox so that he can 
| 
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if 
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-& 





a I work the engine accordingly until the trouble 
rl can be corrected. 

: The fireman should anticipate the need for more 
or less steam and control his fire accordingly. 
When the locomotive is approaching a long pull, 
a long down grade, stops, etc., the anount of 
coal must be varied to meet the condition. 


REPORTS 


The fireman should cooperate with the engineman 
by giving him a report of any defects that have 
been discovered so that they can be included in his 
report. <A complete, intelligent report will asalist 
the repair department in maintaining the locomotive in 
ecod condition. 


The fireman should report especially on the crown sheet, flues, 


erates, stoker, brick arch, fire-door opener, ash pan, and 
superheater, 


oHBLECTE OD REFEREWCES 
Instructions for the Preparation 


and Maintenance of Locomotive Fires New York Central System 
Traveling Engineers’ Railway Fuel and Traveling 
Examination Book Engineers! Assoo lation 


Fuel Economy on Locomotives American Railway Association 





Examinations for Firemen & Hostlers New York Central System 
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HOW TO PREPARE THE FIRE 


OBJECTIVES 


1. To call attention to the duties of the fireman and hostler in 
cering for a fire, 


2. To explain the reason for using the blower and smoke consumer 
when adding coal to the fire. 


oS». To explain how to prepare the fire before starting out. 


4. To emphasize the importance of putting the fire in the best 
possible condition by hand firing before starting on a run. 


INTHODUCTORE INFORMATION 





The importance of starting out with a good fire cannot be over- 
emphasized, Serious difflculties may be encountered on the road 
if the fire is not properly prepared and cared for before start- 
ing out. The fire should be banked according to local instruc- 
tions, should be in good condition, and toe steam should be with- 
in fifty pounds of maximum pressure when the locomotive is turned 
over to the engine crew, 













GQne of two types of banks is used in preparing a 
fire for the ready track: {[(1) the center bank 
(Fig. 1),or (2) the horseshoe bank (fig. 2). If 
the center=-bank method is used, the bank must be 
leveled off about five minutes before train de- 
parture, butthe horseshoe bank should not be dis- 
turbed prior to leaving. The banks referred to 
in this unit must not be confused with banks which Piet Sie 
form as a result of poor firing while the locomo- 0 ee) 
tive is under way. SRA coe) 
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Just enough coal should be 
added by hand around the cean- 
ter bank to maintain steac 
pressure, Fill in the center 
of the horseshoe bank by hand, 
The blower and the smoke ¢con- 
sumer should be used until 
the smoke clears up. 





COoOMEAUATIONM 
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setetons as eaten fa 


The fireman should check be- 
fore starting on a run to see 
that the standard tools and 
equipment are on the locomo- 
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tive as specified by local instructions. These can “ 
be checked while the fire is being built up. 


The equipment listed below and illustrated inFig. 3) 

should be on the locomotive to enable the crew to carry 

out their regular duties and to take care of emergencies that may 
arise on the trip. 





iL. Monkey ‘Virench 10, Wire Torch 

2. Alligator Wrench ll. Torpedoes 

o. Scoop Shovel 12. Shaker Bar 

4. Jet Hook 15. Grease Gun 

5. Slide Hook 14. Coal Pick 

6, Fire Rakes 15. Lanterns (Red and White) 

7. Packing Hook 16. Fusees 

8. Flags (Red and white) 17. O11 Can and Waste 

9. Packing Spud 18 Drinking Water Container 
"Ynnt shown ) 


PROCEDURE 
How TO CARE FOR THE FIRE WHILE THE LOCOMOTIVE IS ON THE READY TRACK 


A. Inspect the fire by the following procedure to ascertain that 
it Is properly banked. 


NOTE: Follow local instructions for preparing fire. 
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Open the fire door by depressing the foot pedal 
(Fig. 4.) 


NOTE: There is a valve in the air line to the 

fite-foor operating cylinder to shut off 
the air when the door is being operated by hand, 
Open this valvo if it ia cloocd, 













Apply the snoke consumer by turning the smoke- 
consumer valve (Fig. 5) to clear the gases in 
the firebox, Refer to Unit I-13 for a descrip- 
tion of the smoke consumer, 


Inspect the banked fire. The condition of the 
banked fire should be judged according to the 
length of time the locomotive will be on the 

ready track. The purpose of this bank is to pro- 
vide e well-coked foundation upon which the fire- 
man can build up the fire before train departure, 


NOTS: The bank should not be disturbed while the 2 
locomotive is on the ready track. Disturb- Wag aa 
ing the bank will cause the fire to burn out. 1 ei 
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Watch the boiler pressure and prevent the engine _ 
from popping while maintaining the fire — 
on the ready track. 


Add coal to the banked fire by the following 
procedures: 


Turn on the blower to provide the necessary 
draft to maintain the fire and to eliminate 
smoke while coal is being added with the 
scoop. Refer to Unit I-15 for a descrip- 
tion of the blower, 


Use the scoop to add sufficient coal to the 
bank in the firebox to maintain the fire and 
to maintain steam pressure. The amount of 
coal required wlll depend on how long the lo- 
comotive will remain on the ready track. 


Build up the fire so that it will be in good con- 
dition, and have within fifty pounds of maximum 
Steam pressure when the locomotive is taken over 
by the crew, The recommended boller pressure for 
the locomotive is shown on the "badge plate” lo- 
cated on the back boiler head (Fig. 6). 
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a. 
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Apply the smoke consumer (Fig. 5) enough to clear up the gases 
in the firebox and to eliminate smoke while preparing the fire. 
(See a I-13 for a description of the smoke consumer and the 
blower. ) 


Turn on the blower (Fig. 5) to provide the necessary draft to 
eliminete smoke when preparing the fire. 


Level off the center bank with a fire rake about five ninutes 
before departing time. Do not disturb the horseshoe bank prior 
to leaving, Add enough coal to build up the boiler pressure to 
approximately maximum pressure. Before departing see that the 
fire is well burned through and 6" to 8" deep with the back 
ends slightly heavier than the rest of the fire, 


NOTE: Although the use of the fire rake tends to start the 

formation of clinkers, it is permissible to use it at 
this time because the firebox temperature is low and there is 
little possibility of clinkers starting to form. 


Check the coul and water in the tender, Check the water level 
in the boiler according to local instructions. The water lev- 
el should not exceed two gages at any time (Fig. 7). Refer 


to Unit P-5, How to Pump the Boiler. 


Shut off the smoke consumer and the blower after the fire is 
ta, aig and the smoke is cleared up. The 

shar __——— stoker should not be used until the locomotive 
ff =| is departing with train. However, the stoker 


should be tested at this time to make certain 
eo that it is in good operating condition before 
a ee FI leaving the terminal, 


Start stoker operation after leaving the term- 
imal, Adjust the stoker speed to maintain the 
proper boiler pressure and adjust the stoker 
jets to distribute the coal evenly over the 
fire. (Refer to mit P-4 for instructions 
for adjusting the stoker jets.) 


NOTE: While the locomotive is on the road 
banks in the firebox should be avoid- 
ed, <A clean, even fire of 10" or less in 
depth should be maintained at all times if 
maximum locomotive performance is to be ob- 
tained, (See Unit F-6 for instructions for 
firing different kinds of coal on the road, ) 


ar the fire frequently. (Refer to Unit 
r=-2, 


Page 12 


LOCOMOTIVE FIRING . | 
Information bast Phy-To-Do Series 
UNIT I-28 


THE LOCOMOTIVE BOILER 





OBJECTIVES 
1. To deseribe the general construction of the locomotive boiler, 
e. To deseribe the three main sections of the boiler. 


o. To point out how bad firing practices can damage the firebox 
and boller flues, 


4. To emphasize the danger of a burned crown sheet. 
INTRODUCTORY TNFORMATION 


This unit describes features of the boiler that make it possible 
to get good efficiency from a locomotive by good firing, and lays 
particular stress on things to avoid in order not to damage the 
boiler. 


The fireman has three important responsibilities in respect to 
firing the boilers 


1. To maintain the proper water level in the boller at all times, 
2. To maintain proper steam pressure by maintaining a good fire. 


3. To prevent damage to the boller by avoiding quick contraction 
and expansion of the boiler, 


The locomotive fireman does not need to know all of the angirneer- 
ing technicalities and dataills of construction that go into the 
building of a locomotive boller, but a knowledge of some features 
of the flues, firebox, and smokebox is necessary if he is to get 
the full efficiency from the locomotive with a minimum of fuel, 
Poor judgment can cause damage to the boiler and firebox if the 
fireman does not realize the importance of avoiding rapid changes 
of temperature with the resulting expansion and contraction cf 
the metal parts of the boiler. It if particularly important te 
avoid doing anything or allowing any conditions to exist that 
Will cause sudden changes in temperature in the boiler or cause 
uneven temperature in parts of the boiler. 


To give best results, a boiler must be free from leaks, mud, and 
scale. No flues should be stopped wp. 





The ability of the locomotive to do work depends on the steam 
pressure in the boiler. 
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In an open container, water boils at a temperature of 2129 F. In 
a closed container, such as a locomotive boller, the steam cannot 
pass off and therefore builds up pressure in the boiler. ‘When 
more heat is applied, the steam pressure is increased. 


The temperature at which water will boil rises 
as the steam pressure in a boller increases, and 
| SOVLING FONT OF consequently more heat must be applied to keep 
| WATER AISES AS the water boiling (Fig. 2). The water texpera- 
| PRESSURE INCREASES ture must be raised to about 298° F. before the 
| iz boiling point is reached when the boiler pres- 
sure is fifty pounds, The temperature must be 
raised to 380° Ff, to boll water under one hun- 
) & =| dred and eighty pounds pressure. These facts 
> “= ci Ger | make it clear why a good fire and good boiler 
WATER & AT ATMOSPHERIC conditions are important in order to get suf- 
PRESSURE BOILS AT ficient heat to keep the water boiling under 
2l2°F the working pressure of the locomotive when it 
_ is working and steam is being used. 
UNDER SO POUNDOS 


PRESSUAE WATER ADILS THE LOCOMOTIVE BOLLER 


S&T APPROXIMATELY 





The locomotive boiler (Fig. 1) consists of 
three main units: the cylindrical section (Fig. 
1-4) which contalns the flues and superheeter 
units; the enlarged back section (Fig. 1-5) 
Which contains the firebox; and the front sec- 
tion (Fig. 1-C), called the smokebox or front 
end, which contains the draft appliances. 





The firebox (Fig. 3) is built into the rear sec- 
tion of the boiler and, except for the gretes, 
is entirely surrounded by water. 
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The heating surfaces of the firebox are those parts that are direct- 
ly exposed to the fire or heat from the fire and are surrounded by 
water. These are principally the four sides and the top of the fire- 
box and the flues. The sides of the firebox and the top, called the 
crown sheet, transmit intense heat to the water and therefore the 
ee active generation of steam takes places around these heating 
surfaces, 


The CROWN SHEST (Fig. 3) is subjected to the most intense heat in 
the firebox. It is also the part of the firebox that will be uwn- 
covered first if the water in the boiler gets too low. If the 
crown sheet is uncovered for a very short time, it may be burned, 
If it is badly burned, the metal softens and may bulge downward and 
pull the crown-support bolts through the metal, The result would 
be a ruptured crown sheet and an explosion. aA burned crown sheet 
“os Pl detectec by Its color and by leakage around the crown-sheet 
o1lts, 


A Tireman should know that the water glasses and gage cocks are in 
food working condition, and he should check them frequently so 
that he will know how much water is in the boiler at.all times. 

He Should be of constant fuard against low water in the boller 
While he is on a locomotive, and should always examine the fire- 
box before and after a run for indications of burning or leakare, 


A BRICK ARCH supported by arch tubes (Fig. 5) is built into the 
firebox. The erch is necessary because a large quantity of gases 
is given off during the process of combustion; the arch helps to 
burn these pases more completely by forcing them back over the 

bed of the fire (Fig. 3). This action thoroughly mixes the air and 
gases before they enter the flues and this promotes good combustion 
which saves fuel and 

prevents black amoke. 


The arch also promotes 
considerable protec- 
tion against leaking 
flues bY causing a 
more even distribue 
tion or the heat over 
the flue sheet which 
forms the front of 

the firebox. 


A sudden draft of cold 
air caused by a light 
Spot in the fire or by 
opening the fire door 
does not pass directly 
through a few flues 
only, but is more 
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evenly distributed by the arch. This is illustrated in Fig. 5. 


The flues (Fig. 1-a), attached to the front sheet of the firebox — 
and to the back sheet of the smokebox, oxtend the length of tha cir- 
cular shell midsection of the boller., They carry the gaseous pro- 
ducts of combustion from the firebox to the smokebox in the front 
section of the boiler. The combustion gases are very hot, and play 
an important part in heating the water which surrounds the boiler 
flues and in superheating the steam in the superheater units. 


A superheater locomotive has a number of large boiler flues in 
which steam supserheating units are installed (Fig. 1-¢). These 
units pass the saturated steam four times through the flues and — 
raise the temperature of the steam from 300-400 degreas tc 600-750 


degrees. 
CAUSES OF LEAKING FLUES 





Anything that will cause the temperature of one area to be differ- 
ent from that of the surrounding areas may cause leaking flues, 

If some flues do not. heat. as much as others, or cool more rapidly 
than others, they will exert a pull on the flue sheets (Fig. 1); 
likewise the hotter, expanded [flues will resist the pull. This 
strain tends to loosen the flues in the flue sheets. Plugred 
flues, uneven distribution of draft, and sudden changes in the 
firebox temperature, all put a strain on the boiler flues and 

tend to cause leaks, 


Some conditions that may cause leaking flues are the following: 


1. A hole in the fire. 

&. ‘The fire door being open too long. 

o. Plugged flues. 

4. Rapid changes in firebox temperature, especially if occur- 
ence is repeated, | 

3. Using the blower too hard while cleaning the fire with the 
fire door open. 

6. Injecting water into the boller too rapidly when the fire is 
low, 

7. Using the feed-water pump while the locomotive is idle. 

8B Dirty ar sooted flues. 

9. Scale on the tubes. 





The back sheet of the firebox carries the fire door. Three types 
of automatic fire doors are used on locomotives: the vertical 
(Fig. 4); the clam-shell (Fig. 5); and the butterfly (Fig. 6). 
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They are operated by air and are controlled by a 
foot pedal, There is an adjustment of the ex- 
haust plug to prevent sl ng. 


Air-operated doors can bo operated by a hand le- 
ver (Fig. 6) after shutting off the ulr supply 
to the door-operating cylinder by closing tie 
valve which is put in the air line for that pur- 
post. 


The cylinders of the power door should be lu- 
bricated with engine oil or car oil; the slides 
should be lubricated with water. 


CAUTION: If it is necessary to place an arm 

or hend inside the door, the safety 
latch should be used or the door securely 
blocked open, | 


STAYBOLTS 


Staybolts (Fig. 7) are used to support the inner 
and outer sheets of steam boilers to prevent the 
sheets from being forced apart by the steam 
pressure, They are subjected to considerable 
strain because the inner plate gets much hotter 
and expands more than the outer plate. It is 
important for the fireman to consider the ex- 
pansion and contraction that takes place when 
the heat in the firebox is increased or decraas- 
ed, and to control his fire to avoid rapid 
changes and uneven changes in firebox tempera-~ 
ture, 


Staybolts sometimes break and when they do they 
usually break at the outer sheet. A telltale 
hole (Fig. 7-A) is drilled in stayblots subject- 
ed to severe stresses so that a broken bolt can 
be discovered by leaking water or stean. 


Flexible staybolts are designed so that one end 
can move (Fig. 7-B). This type is used where 
the sheets to be supoorted are subjected to 
considerable differences in temperature and 
where rigid staybolts would break frequently. 

A telltale hole may be used in flexible stay- a 
bolts. =e oS 
ger Pa i ee 


ef 
— 
Safety requires that the engineman watch for 
broken staybolts and report then. 
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STEAM DOME 


Locomotive boilers are provided with a steam dome (Fig. &) to pro- 
vide a space from which to obtain steam in as dry condition as pos- 
sible. 


SAFETY VALVES 


Safety valves (Fig. 8) are automatic safety devices located in 
the highest point on the boiler, They give warning, by "popping" 
or "blowing off," that the maximum boiler pressure as indicated 
by the badge plate has been reached, They limit the boiler pres- 
sure by automatically opening and allowing steam above the maxi- 
mum pressure to escape. Locomotives are equipped with either two 
or three safety valves which are set to pop off at different 
pressures with a difference of two or three pounds. 


It is good practice to check the steam-pressure gage with the — 
badge plate and notice whether or not the safety valve "pops" at 
the maximum pressure. Popping can be avoided by careful firing 
and by proper boiler pumping. 


THE SMOKEB 
The smokebox (Fig. 9), usually called the front end, contains the 


appliances waich control, to a large extent, the draft through 
the firebox. 


The important draft appliances in the smokebox are the smoke-_ 
stack extension, the exhaust-steam nozzle, the basket bridge, the 
blower nozzle, and the diaphram (or the deflecting plate). 


The burned gases from the firebox pass through the boiler flues 
into the smoxebox and out the stack, 
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The exhaust steam, as it 
passes throvush the exhaust 
standard and exhaust tip 
and out through the smoke 
Stack, creates a Vacuum 

in the smokebox, This 
creates the draft of air 
through the grates which 
is 50 necessary for food 
combustion in the fire- 
box, The amount of drait 
depends on the amount of 
exhaust steam teing dis- Ne | _ . 
charged through the smoke i PLATS. 





Stack. The amount of exhaust 
Stean depends on the conditions 
under which the Locomotive is be- 

ing worked, Thus, the draft through the fire bed is automatically 
increased and decreased as the need for more or less steam varies, 


The blower (Fig. 9) is used to ereate a draft when the locomotive 
ia not being worked and no exhaust steam is passing through the 
smoke stack. Refer to Unit I-13 fora deseription of the blover. 


The netting (Fig. 9) prevents sparks from being throvm from the 
stack. A Dlugged netting is indicated by excessive smoke, a lack 
of action in the fire, a rapid drop in steam pressure, smoke or 
gases coming out of the firebox, and an ineffective blower, The 
fireman should leok for indications of plugged nettings, 


Steam leaks in the smokeboxr, caused by leaking steam pipes or 
hozzle-base joints, will permit steam to fill space in the smoke- 
box, Will destroy the Vacuum and thereby decrease the draft through 
the fire, causing it to burn red. 


Air leaks in the smokebox can result in two bad conditions: (1) the 
draft through the fire bed is reduced, and (2) the smokebox may be 
burned or warped by combustion oceurring in the smokebox itself. 
Air leaks must be promply reported. 

SEALEC T E BD REFERENCES 


Instructions for the Preparation 


and Waintenance of Locomotive Fires Hew York Central Systen 
Traveling Engineers't Railway Fuel and Traveling 
Examination Bock Engineers! Association 
Locomotive Cyclopedia Simmons, Boardman Fub. Co, 
Examinations for Firemen and Hostlers New York Central System 


Page '9 





|. Sorinkling Hose Valve 

2. Cold-Water Puro Heater Valve 

3 Pung=Yeater Valve 

q, Peoo-Throttle Vaive 

5 Stoker Steam Valve 

5. Stoker-Throttle Valve 

7. smoke=-Consumer Wa) ve 

dg. Slower Yolve 

¥, Train-Control Scknowledgment 
Waistle 

10. Water-Pusp Steam Valve 

Il. Steam Heat Valve 

H. Stoker Steam Valve 

(3. Vaoter=Pumo Heater Yalve 

[u. Generator Steam Valve 

15 Steam Turret Valve 

(5. Laft Water-Sage Valve 

7. Coal-Serinkler Valve 

ia. Cab and Water-Scooo Heater 

i Smoke-Consurer Stean Valve 

a0, Coal-Pusher Steam Valve 

3\. Injector Steam Yalve 

92. Sir oumo 

oy, Sight Blower Valve 

*. Air wage 


LOCOMOTIVE FIRING 


26. Throttle Lever 


94, Ind. Brake-Valve Handle 


27, Power Reverse Gear 

26. Pater=Sceoo Cut-Gut Cock 

e6. injector Supply 

30. Injector Overflow 

3). Squirt Hose 

37. Left-Front Jet Valve 

a3. Rignt=Fronat det Valve 

a8 left-back Jet Valve 

a6. Fine-Coal Jet Yalve 

34. Right-Eack Jet Valve 

37. intermediate Jet Valve 

3%. Fine-Coal Sage 

39. Stoker-Engine tage 

Ww. Right and Left Front det. Gage 

uj. Feed-Water Heater Gage 

ug, Left Water Glass 

i, Train-Heat Gage 

gy. Light 

1%. Pyroneter 

ys. Tender Tank gage 
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age 
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Lower wige Cock 
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Washout Plugs 
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Water-Glass Drain Valve 
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HOW TO INSPECT THE FIRE 





1. To explain the safety precautions to be observed when inspect- 
ing fires. 


se. To stress the importance of frequently inspecting the fire, 

a» TO Ttéll What should be done before inspecting the fire. 

4. To explain what to look for when inspecting a fire. 
INTRODUCTORY INFORMATION 


Kany bad fire conditions can be prevented before they develop into 
serious difficulties if the fireman forms the habit of frecuently 
inspecting the fire. 


There are so many factors which have a tendency to change fire 
conditions that frequent inspection of the fire is absolutely nee- 
essary. Shortening the cut-off, or “easing off" on the throttle, 
requires a decreased amount of coal in the firebox and decreases 
the amount of water required to maintain the boiler water at the 
proper level. Firebox conditions are changed when the ¢oal 
changes from lump to slack or from slack to lump, or if the con- 
dition of the coal changes from dry to wet or from wet to dry. 
get pressures haye an effect on the condition of the fire. The 
stoker speed and the stoker-jet pressures must be adjusted if the 
condition of the coal changea or if the load conditions change, 


BY frequent inspections the fireman can detect the formation of 
clinkers, and can prevent plugged arches, banks, and holes, <Any 
condition in the firebox Which causes unbalanced draft, tends to 
cause a carry-over of cinders and unburned coal which may result 
in a plugged front-end netting. Through frequent inspection most 
nr a nai can be detected and corrected before they become 
serious, 


An experienced fireman will make all of the inspections described 
in this unit in a very short time and will then take the neces- 
Sary steps to correct any bad conditions revealed, 





The equipment provided should comply with local instructions. 
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Monkey iirench Wire Torch 
Alligator Wrench Torpedoes 
Scoop Shovel Shaker Bar 
get Hook Grease Gun 
Slide Hook Goal Pick 
Fire Rake Tanterns (Red and White) 
Packing Hook Fusees 
Flags (Red and White) O11 Can and Waste 
Packing Spud Drinking Water Container 





Examine the fire frequently by following the procedures described 
in this unit, so that the exact conditions in the firebox will be 
Known at all times, Frequent inspection gives the fireman a chance 
to correct troubles before they affect performance. 


BEFORE THE DOOR TS OPENED 





1. Observe the pressure indicated on the stoker-engine gage. 
Knowing the pressure before shutting off the stoker will give 
the fireman a basis for setting the stoker speed when stoker 
operation is resumed. After a little experience the fireman 
Will be able to judge the best pressure for different oper- 
ating conditions (Fig. 1). 


2, Shut off the stoker by closing the stoker throttle (Fig. 1). 


CAUTION: ‘The fire door should — po 
, not be opened for fire a biety ‘ ke. 
4 






nspection until the supply of yO 1 
l to the firebox is stopped em ictpcleoe? | 


ae ares = 





and the gases have been al- 
lowed to burn off, 


3S. Observe the pressure on the 
stoker-jet pressure gage 
(Fig. 1) so that jet op- 
eration may be resumed with 
the Same pressure at which — oh Se 
it was operating before be- | eee 4s So ke 
ing shut off. a EATER : — bef 

4, Shut off the stoker-jet in- ‘eae we eee ye 
termediate valve (Fig. 1). aati = 


ing the valve shown in Pig. . 
(Refer to Umit I-13 for a eae 
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tion of the smoke consumer. ) 


CAUTION: Never try to inspect the fire before the gases in the 

firebox have burned off, The smoke consumer assists 
in burning off the gases and makes a complete visual inspection 
of conditions in the firebox possible. 


Observe the pressure recorded on the boiler-pressure gage, for 
if the Soller pressure changes it may be necessary to change the 
stoker-jet pressure to compensate for the change in pressure, 


INSPECT THE WHOLE FIRE 


7. 
e. 


10, 





Open the fire door. 


Take an over-all view of the condition of the fire, Experience 
will enable the fireman to judge the general condition of his 
fire quickly. 


Check the depth of the fire, which should be ten inches or less, 
by gaging the distance between the fire and the distributing 
plate of the BK and HT stokers and also by the smoke-consumer 
holes. The distributing plate and smoke-conswumer holes are ap- 
proximately twenty inches from the grates, The staybolts, which 
are four inches apart in the side sheet, can also be used to 
check the depth of the fire (Fig. 2). (Refer to Units F-3, F-6, 
F-7, and P-§ for information on factors that determine the cor- 
rect depth of the fire.) 


Inspect the fire for light spots. Light spots and holes (Fig. 
3) cause a drop in boiler pressure, and the increased draft 
through that portion of the fire may cause a carry-over of cin- 
ders and coal which may plug the front-end nettings. 
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li. Inspect the condition of the fire in the back and and in the 
back corners (Fig. 4). ‘The back corners are often a source 
of trouble because the grates slant downward toward the front 
ana the vibration of the locomotive causes the flre to creep 
off tha back grates. 


lé. Look for high spots, drifts, or banks (Fig. 5) which are the 
result of improper distribution and failure to inspect the 
fire frequently. High spots develop into tanks which are one 
of the common causes of clinkers, 


GCORRSCT BAD CONDITIONS REVEALED BY INSPECTION 


iS. Correct bad fire conditions by following procedures outlined 
in Unit P-8, How to Correct Bad Fire Conditions. 


14. Close the fire door. 


15, Resume stoker operation. Increase the stoker speed if the 
boiler pressure should be raised. Reduce the stoker speed 
if the demand for steam is decreased, 


16. Hesume stoker-jet operation. Regulate the jet-manifold pres- 
Sure to the same pressure that. was being used before the fire 
was inspected unless the condition of the fire indicates that 
more or less pressure is required to maintain an even depth 
of fire over the grates, 


17, Make frequent inspections to make certain that the fire is in 


good condition and that any bad conditions that may have been 
discovered have bean corrected, 
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DESCRIPTION OF STOKER OPERATION 





OBJECTIVES 


lL. To explain the principle of operation of the mechanical stokers 
nead on locomotives . 


2. To acquaint the fireman with the general construction of the 
HT mechanical stoker. 


5. To explain the function of the stoker units, 
INTRODUCTORY INFORMATION 


It is important for the fireman to understand thoroughly how the 
mechanical stoker system operates. <A knowledge of the operation 
of the complete coal-delivery system from the tender to the firebox 
will help him solve many of the problems encountered in his job of 
firing the locomotive. 


The mechanical stoker conveys the coal from the trough in the ten- 
der, through the crusher to the intermediate conveyor unit, end up 
through the elevator pipe by means of a screw, The coal Is depos- 
ited on the distributing plate in front of the jet plate at the 
fire door by the elevator screw, From the jet plate the coal is 
blown over the fire by a series of jets of steam emitted from the 
jet plate and controlled by five jet valves, 


There are a number of types of mechanical stokers in use, but all 
work upon the same basic principle. The HT stoker (Fig. 1) con- 
sists of five principal wnits: the Stoker Engine, the Tender Con- 
veyor Unit, the Telescopic Intermediate Unit, the Elevator Pipe, 
and the Distrituting Unit. 
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Ses ert a 
Tit TENDER CONVEYOR UNIT 


The tender conveyor unit (Fig. £2) is fastened to the tender frame 
and is located so that practically all of the coal in the tander 
will be fed into the conveyor. <A cosl pusher located in the rear 
of the tender can be used to push the coal forward 50 as to pro- 
vide a constant supply to the conveyor. 


The conveyor has a rotating screw which is driven by the stoker 
engine. The screw carries the coal to the crusher at the forward 
end of the conveyor Where it is broken into pieces small enough 
to be fired satisfactorily. 


THE INTERMEDIATE UNIT 


The intermediate unit (Fig. 3) 
oonsists of two telescoping 

tubes connected to the tender 
trough and the elevator pipe by 
ball-and-socket joints te pro- 
vide flexibility between the ten- 
der and the locomotive. The in- 
termediate conveyor screw is flex- 
ibly connected to the tender and 
elevator screw by universal 
joints to provide freedom of ac- 
tion when the locomotive is on a 
curve. 


THE ELEVATOR PIPE 





The elevator pipe (Fig. 4) and the 
elevator screw are connected to 
the intermediate unit by a ball- 
and-socket and a universel joint 
just below the deck of the cab. 
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THE DISTRIBUTING UNIT 





The distributing unit (Fig. 5) con- 
Sists of the distributing table, 
the jet plate, and vanes. The dis- 
tributing table, which is fastened 
to the jet plate, has deflecting 
ribs on the top. The distributing 
table is protected from overheat- 
ing by air deflected arainst the 
underside by an air-sealing apron, 
The jet plate is provided with a 
series of holes through which 

steam is blown to distribute the 
cool over the fire bed (Fig. 6). 


THE STOKER ENGINE 


The stoker engine (Fig. 7) is op- ai ST 
erated by steam and is used to he r , a ee 
drive the conveyor and elevator 
units through reduction gears. 
rt ean be located sither on the ite, heel eer a 7 Lj —) 
tender or on the locomotive, The 4 See] eee 
engine speed is controlled by a Sa ay a 

throttle valve to increase or de- 
crease the amount of coal deliver- 
ad to the distributing table aéc- 
cording to the demand of the fire, 
The pulsations of the pointer on 
the Steam-indicator gaze give a zood in- ot 
dication of the running Speed of the stoker. Ass 











The engine is reversible so that ob- 
structions can be removed from the 
stoker by reversing the direction of 
rotation of the conveyor screws. 


SELECTED REFERENCES Sw 
Instructions for the Preparation and ee 
Maintenance of Locomotive Fires New York Central System 
Traveling Engineers" Rallway Fuel and Traveling 
Examination Book Engineers’ Association 
Examinations for Firemen and Hostlers Mew York Centrel System 


Instruction Manuals supplied by stoker manutacturers 
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TO OPERATE THE STOKER 





OBJECTIVES 


1. To call attention to the safety precautions to be observed 
when checking for faulty operation of the stoker, 


&. To point out the importance of the stoker speed in maintain- 
ing the fire, 


“. TO tell how to operate the stoker engine, 

4, To explain how to remove obstructions from the atoker, 

o. TO explain the care of the stoker when preparing the engine 
for the enginehouse. 


DVPRODUCTORY INFORML.TION 





The function of the mechanical stoker is to deliver coal from the 
tender trough to the distributing plate located inside of the fire- 
door opening, The fireman c&n operate the stoker much more suc- 
cessfully if he understands how the system operates. 


The stoker mechanism is driven by a reversible type of steam en- 
@ine which tan be operated at any desired speed. The speed of the 
Stoker engine determines the amount of coal which will be délivrered 
bo the distributing plate. Stoker speeds should be changed as the 
Grade, size, and condition of coal varies, and when changes in lo- 
a speed or train load create a damand for more or less 
stean. 


Although stoker failures resulting from obstructions are not common, 
the fireman may be confronted with this problem. Foreign sub- 
stances sometimes. get into the coal and become lodged in the con- 
veyor mechanism. This causes the stoker to slow down or stall, 

This difficulty can be detected before serious trouble results, if 
the fireman forms the habits of observing the stoker gage frequent- 
ly and of watching the coal supply through the peepholes. 


Eat. 





The equipment provided should comply with local instructions. 


Monkey Wrench Wire Toreh 
Alligator Wrencn Torpedoes 

scoop Shovel shaker Dar 
det Hook Grease Gun 
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Slide Hook Coal Pick 
Fire Hake Lanterns (Red and White} 
Packing Hook Fusees 
Flags (Hed and White) O11 Can and Waste 
Packing Spud Drinking Water Container 


HOW TO OPERATE THE STOKER 





PROCEDURE 


The purpose of this unit is to explain the general operation of 
stokers, making the instruction broad enough so that the fireman 
will know how to apply the information to all types of stokers. 


Variations in the construction of different types of stokers ére 


explained in Mit [=4, Descri 


tion of Different Kinds of Stokers, 





BEFORE LEAVING TERMINAL 


1. 


Se 


Check the Lubrication of the stoker mechanism and check the oil 
in the stoker-engine bed before leaving the terminal. A com- 
partment oil box is located on the side of the tender cistern 
near the coal gates; from this box pipes lead to the various 
bearings. Fill the oil box with car or engine oil at the be- 
ginning of the trip. Do not use valve oil as it will clog the 
lines. The universal joints and slip-shaft joints should be 
olled with a hand oiler; use either engine or car oil. 


NOTE: Lubricate the stoker according to locas) instructions. 


In some cases the stoker will be lubricated by the 
terminal mechanic. The fireman, however, should chock to see 
that the stoker mechanism is properly lubricated, 


Check the grade, size, and condition of the coal at tha point 
of delivery in the tender trough. The kind of coal will give 
an = 2 hil or the stoker speed and Sstokerejet pressures 
required, 


NOTE: Higher pressure is needed to run the stoker engine 


when lump coal must be crushed by the stoker than 
when Slack coal is being used, 


Prepare the fire by hand firing as explained in Unit F-1, How 
to Prepare the Fire. 





Page 33 


al NORMAL 
| OPERATION 


LOCOMOTIVE FIRING 
Procedure UNIT P-3 How-To-Do Series 


Farr 


AVAILABLE To ff 
CRUSH LUMPS 5. 


t 


al, 


| 
i 


STOKER FF 
THROTTLE- § 
WALWE tr 


FOR 


sue 
7 mail 
Bon - i Li i Th: 
| f pat Le = a ty 
a os a, : 
eo | 
| “4 : i 
| J mA 
| 3 | 
Sere hs | Enid 





TO START THE STOKER 


Observe the position of the 
lever which operates the stoker- 
engine reverse valve. This le- 
ver (Fig. 1) may be located at 
the left-hand side of the cab, 
in front of the fireman's seat 
box, or on the left-front leg 

ef the tender. The lever should 
be down for the forward running 
position and up for the reverse 
operation. The reverse and for- 
ward positions are indicated on 
& plate near the lever. The lo- 
cation of the reverse lever is 
determined by the location of 
the stoker engine. 


CAUTION: There are two designs 


of reverse valves in 
use. The type generally used 
with the HT stoker is operated 
BS explained above, The type 
sometimes used with the HK and 
type B stoker is operated by 
placing the reverse lever in up 
position for forward operation 
of the stokear and down for re- 
verse operution. The middle 
position is neutral for both 
types of valves. 


Open the turret valve to admit 
stean to the stoker engine and 
jet-manifold lines. 


Open the intermediate-jet valve 
to admit steam to the jet mani- 
fold, Check stcker-jet valves 
as explained on pages 45 to 49. 


Open the stoker-ensine throttle 
valve (by-pass valve) (Fig. 2) 
Slowly to permit any condensate 
to escape through the automatic 
drain valve. The throttle 
valve controls the stoker speed 
which determines the amount of 
coal delivered to the distribut- 
ing plete. The setting will de- 
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iO, 


se 











pend on the size, grade and condition of the coal and also on 
the speed end load conditions under which the locomotive is be- 
ing operated. 


NOTE: There are two valves in the steam line to the stoker en- 
" gotne (Fig. 2). One is the throttle valve used to regu- 
late the speed of the stoker engine, and the other is 4 booster 
valve used to apply, momentarily, more steam pressure when it 

is necessary to increase the steam pressure to the stoker en- 
gine rapidly in order to crush exceptionally hard lumps of cozl, 
These valves may be located in elther one of the two positions 
shown in Fig. 2. The booster valve should be ologed as soon a8 
the lump is crushed, Normal operation is then resumed through 
the throttle valve. 


Keep close wateh of the speed of the stoker by observing the 
anount of coal being delivered to the point of delivery. The 
coal delivery may be observed through the peepholes located in 
the top of the elevator pipe. 


NOTE: The peephole cover on the discharge box should be closed 
except when inspecting the amount of coal being supplied 
to the distributor plate. 


Adjust the stoker-engine speed to earry « fire of sufficient 
depth to maintain boiler pressure. Careful observation over 4 
period of time Will enable the fireman to judge the depth of 
fire required for different operating conditions. Do not feed 
too much coal — carry a light fire. 





Adjust the jet valves as explained in Unit F-4, How to Adjust 
Stoker Jets. 


Observe the pressure indicated on the stoker-engine gage. This 
gage assists the fireman to judge the stoker speed and to main- 
tain an even supply of coal tc the firebox. If the boller pres- 
sure drops, the speed of the stoker engine will be affected. 


NOTE: The stoker-engine gage hand will normally fluctuate a 

little: but 1f it moves up tu uppivaluate boller pres- 
sure and remains there, 1t indicates thet the stoker engine has 
stalled. This is usually caused by an obstruction lodged in 
the erusher zone in the tender trough. 


REMOVING OBSTRUCTIONS FROM THE HT AND BK STOKERS 


lé. 


Reverse the rotation of the stoker by placing the reverse le- 
ver in the reverse position (Fig. 1) long enough for the screw 
to complete four or five revolutions. 


CAUTION: See operation No. 4 on page 34 for instructions for 
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operating the reverse lever. 


Run the stoker in the forward direction. If the stoker does 
not operate, repeat the reversing procedure several tines. 
Flushing the conveyor trough with the squirt hose will sometimes 
help. Proceed with operation No. 14 if the obstruction will not 
pass through the stoker. 


Reverse the screw four or five turns to scarry the obstruction 
ati aga the trough, Then remove the obstruction from the 


CAUTION: To avoid injuries, make certain that both the throttle 

valve and the booster valve are odlosed and that the re- 

vereiag lever is in the neutral position while removing obstruc- 
LOnS . 


Resume stoker operation after the obstruction has been removed. 
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Shut off the steam to the entire stoker mechanism by closing 
the stoker-engine main valve (Fig. 3). 


Place the stoker-engine operating lever in its non-operating 
yontsion by lowering the operating rod (Fig. 4) to its lowest 
position, 


Being LEVER 
OPERATING LEVER 


CLEVATOR &§f 
PAWL SHIFTED | 


a: 


Le fee =| 
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16, Place the tender-conveyor reverse lever (Fig. 5) in its middle 
position sco that the tender-conveyor screw will not operate 
when the elevators are being tested. 


19. Raise the right elevator-pawl shifter to the neutral position 
{Fig 6) so that the elevator screw will not turn while the 
aft olevator is being tested 


20. Raise the stoker-engine operating rod (Fig. 4) to the middle 
or operating position. 


21. Open the yee cn ag J valve (Fig. 3) to the stoker engine 
slowly to ascerta f the left elevator runs freely. 


22. Test the operation of the right elevator by lowering the pawl 
shifter (Fig. 6) to the operating position. If the stoker 
stops, the obstruction is in the right elevator, If it contin- 
ues to operate, the obstruction is in the tender conveyor. 


VING OBSTRUCTIONS FROM THE TENDER CONVEY! 





23. Place the tender-conveyor reverse lever (Fig. 5) in reverse po- 
sition and run the conveyor screw backwards not more than three 
revolutions. Then remove the obstruction which will usually 
be found in the crushing zone of the trough. 


Be sure that all steam to the stoker engine is shut 
off and that the stoker-engine operating lever ig in 
neutral position before attempting to remove obstructions from 
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any part of the stoker by hand, 





24. If the obstruction is in the elevator, place the slevator pawl 
(Fig. 6) in the reverse position and run the elevator in the 
reverse direction about three revolutions, This action will 
force the obstruction back down into the transfer hopper. 
Raise the door to the transfer hopper in the engine deck and 
remove the obstruction. 


CAUTION: Make certain that both the throttle valve and the 
booster valve are closed before attempting to re- 
move obstructions, 


REPARING INGITE FOR THE ENCGINEHOUSE 


25. Before arriving at the terminal, close the tender-trough 
Slides if the tender is so equipped, and keep the stoker in 
operation «¢ short time so that the conveyor will be empty on 
arrival. This is to prevent wet coal from freezing in the con- 
veyor and to provide for inspection by the enginehouse force. 





26, Run the stoker engine in reverse a few revolutions ta remove 
coal from the elevator pipe when the locomotive ia placed on 
the enginehouse track, 


27. Place the stoker-operating lever in neutral position. 
£6. Close the stoker-engine throttle valve (Fig. 2). 
£9, Close the intermediate jet valve. 
E: If the intermediate jet valve is not provided with a 
bleed hole leave the valve slightly "cracked" until the 
fire is dumped. This prevents the distributor plate from be- 


ing overheated and also prevents the stoker-jet holes from 
becoming plugged, 
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DESCRIPTION ¢} diferent kinds of STOKERS 
OBJECTIVES _ 
lL. To point out that although most mechanical stokers operate on 


the same basic principle, there ie sonsiderable variation in 
the operating mechanisms and controls. 


e, TO point out the distintive features of different types of 
stokers, 


INTRODUCTORY INFORMATION 


The function of all mechanical stokers is to provide the firebox 
with coal in the proper quantity and to distribute it evenly ts all 
parts of the fire bed, 


There are a number of different stokers in use on locomotives, but 
all of them work on the same basic principle in that the distribu- 
tion of coal is accomplished by means of jets of steam which can be 
regulated by the fireman so that the coal is evenly distributed to 
&1l portions of the grate area, The volume of coal on all of the 
different types is controlled by the speed of the stoker engine and 
the general operation is very similar on all types of stokers. 


The general operation of the mechanical stokers is given in Unit 


P-3, How to Operate the Stoker, 
THE STANDARD HT STOKER 


The description of the HT stoker (Fig. 1) is given in Unit I-3, 
Deseription of Stoker Operation. 


FEATURES OF STANDARD BK STOKERS 


The operation of the EK stoker (Fig. 2) is practically the same as 
the HT with the following exceptions: 


i. There are no vanes at the right and left of the discharge box, 
and there are many other 
differences in the dis- 
tributing units, Compare 
Fig. 3 on page 40 with 
Fig. 2 on page ol, 






a 








&, Five jet-control valves 
control the steam to the 
jets in the distributing 
unit of both the HT and 
BK stokers, but the mid- 
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dls velvs has a different effect on the distribution of the coal 
over thea fire. The HK center jet (Fig. 4) is a main distribut- 
ing jet on the same plane as the other jets, whereas the HT 
center valva is called a fine-cosal jet and is below the main 
jets. (Refer to Unit P-4 for the function and adjustment of 
each of the jet valves.) 


oc. The BK-type stoker uses either the V-type manifold with built- 
in valves, or the cylinder manifold wit 
either soparate valves or built-in 
valves (Fig. 4). ‘The stoker engine on 
both the BK and HT stokersa may be looat- 
ed either on the locomotive or on the 
tender. 








4, The BK type has no con- [| ae 
veyor screw in the dis- ee | Ce 
charge or elevator pipe 

as hes the HT stoker. 





The operation of the tendar 
unit, the driving engine, 
and the jet valves, is the 
some an that of the HT and Enis 
BK stokers. The chief dif- [| Gia eae 
ference is in the deslen of i Teiie tal ates Res | & 
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a protective grate around the con- 
duit (Fig. 5). The conduit does 
not contain an elevator screw. 

The coal is distributed by the 
stoker jets as it is pushed out 
of the top of the conduit, 


Air admitted through the protec- 
tive grate, cools the distribut- 


This type of stcker is lubricat- ; N 
ed the some es the BE and HT. ——— rd 





The Duplex Stoker (Fig. 6) has 
two elevators and two outlets in- Se gt oa a 
to the firebox. The coal 18 sup- = | yey? Ee 
plied by the right and left ele- eee ee) 

vator screws to two distributing 
plates located eat the right and 
left of the fire door and inside 
of the firebox. 


The speed of the stoker is var- 
fable and is controlled by the 
stoker-operating valve (Fig. 6-A) 
in a manner Similar to the 
method employed on other types 
of stokers. 


A booster valve (Fig. 6-B) is Peta 
rovided so that extra pressure can 
o used when larte lumps of coal 
are to be crushed, 


Each elevator can be operated in- 
dependently of the other by moving 
the elevator-pawl shifter (Fig. 
6-¢C). This arrangement facili- 
tates the location and removal of 
obstructions, 
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A door in the cab deck is provid- 

ed so that stoker obstructions oan 
be removed from the transfer hop- 

per. 


An adjustable dividing rib is lo- 
cated between the two elevators 
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in the transfer hopper (Fig. 6-D) to control tha amount of coal sup- 
plied to each elevator, 


The distributing syatem consists of a steam jet located in the back 
and bottom portion of each distributor elbow (Fig. 6-H), The dis- 
tributers have deflecting ribs to distribute the coal to the right 
and left back corners of the firebox and over the whole grate ares, 


There is an intermediate valve in the steam-jet line so that the 
jets can be shut off without changing the adjustment of the individ- 
ual jet valves. 


If the tender unit fails, the locomotive can be fired manually. The 
door in the deck of the cab over the transfer hopper can be raised 
and coal can be shoveled into the hopper. 





FERATUR OF STANDARD LT-1 and LT-s STOCKERS 

These two stokers combine tha features of the Duplex and the HT 
stokers and are operated in practically the same way. There is, 
however, a difference in the construction of certain parts so that 
they may be adapted to locomotives of different classes. 


These stokers combine the driving engine, the conveyor, the reverse 
mechanism, and the tender unit of the Duplex D-1 and D-2 with the 
delivery and distributing unit of the HT, 
The stoker operating controls are the same 
as those of the Duplex but the coal dis- 

| ae oi tributing adjustments are the same as 
seryser ES”. ay those of the HT, 









STOXEA 7 
bees FEATURES OF THE HaNNA STOKERS 


Ey bas ee The Hanna S¥-type stoker (Fig. 7) consists 

Psi ae of the usual type of conveyor, crusher, 

egies and serews to convey the coal through the 
— conduits to the transfer hopper. 


The coal is elevated to a point of deliv- 
ery by a pair of cone-shaped screws (Fig. 
7) within tha door housing of the stoker. 


Three jet valves are provided: the usual 
intermediate valve for control of all 
stoker jets and two other jet valves, a 
fine-coal jet valve and a coarse-coal jet 
valve. 


The distributor plate is provided with a 


Jiio seem mag Cay : channel at each side for directing coal to 
Sia pn yield Memnemesn tal the rear corners of the firebox, adjusta- 
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ble slides on the SF and adjustable gates on the H-4 are provided at 
each side of the firing opening so that the right amount of coal can 
be directed to the back corners. 





ima H-4 stoker (Fig. 8) differs from the Hanna SF type in that 
it dows not have the two cone-shaped screws in the fire-coor jousing. 


Instead, it has two coal-deflecting gates located in the center of 
the discharge neck, These gates can be adjusted so that the amount 
of coal desired can be deflected toward the center of the distribut- 
ing table, This arrangement makes possible the regulation of the 
anount of coal supplied to the back corners. 


Two jet valves are provided for the distribution of the coal over the 
fire. One valve controls the fine coal blests and the other tontrols 
the coarse coal or top blasts. 
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SELECTED REFERENCES 


Examinations for Firemen and Hostlers New York Central System 
Traveling Engineers' Railway Fuel and Traveling 
Eyamination Book Engineers" Association 
Locomotive Cyclopedia Simmons, Boardmon Pub, (do, 


Instruction Manuals supplied by stoker manuracturers 
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HOW TO ADJUST STORER JETS 





OBJECTIVES 


L. To call attention to the safety precaution involved in stoker- 
Jet adjustment. 


2, To explain the function of the stoker jets. 


S. To point out the importance of properly regulated jet pressures 
for different kinds and grades of ¢oal. 


4, To point out the direct relation between the jet pressures and 
the volume of coal delivered to the firebox. 


oS. To explain how to adjust the jet pressures, 
INTRODUG TORY DUVFORMATION 


Most modern coal-burning locomotives are equipped With mechanical 
stokers. The mechanical stoker has made possible greater sustain- 
ed tractive effort at a higher rate of speed than could be obtain- 
ed by hand firing. 


Correct stoker speed combined with proper jet prassures is one of 
the keys to successful stoker firing and will assure an even cdis- 
tribution of coal to the firebox at all times. 


The Stoker speed and stoker-jet pressures should be regulated to 
feed 5 constant, evenly distributed supply of coal into the fire- 
box. The fireman should unferstand that the amount of coal brought 
to the firebox is controlled by the stoker speed, and that the dis- 
tribution of the coal evenly over the fire bed depends upon proper- 
ly adjusted jet pressures, 


The fireman should recognize that overcrowding the fire is a seri- 
ous fault. Overcrowding can be avoided by running the stoker just 
fast enough to maintein the correct boiler pressure, ‘The fireman 
should also understand that jet pressures should be changed as the 
condition of the coal at the distributing table changes, Lump 
coal, slack coal, wet coal, and dry coal call for different jet 
pressures, 


EQUIPHENT REQUIRED 





The equipment provided should comply with local instructions, 


Monkey jirench Wire Torch 
Alligator Wrench Torpedoss 

Scoop Shovel shaker Bar 
Jet Hook Grease Gun 
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Slide Hook Coal Pick 
Fire Rake Lanterns (Red and White) 
Pack Hook Fusees 
Flags (Red and White) O11 Can and Waste 
Packing Spud Drinking Water Container 
How TO ADJUST STOKER JETS 
PROCEDURE 
1. Imspect tie fire to determine its condition before proceeding to 


ae 





ms at a 
“fig thio : 
Taig oa fg P| mil . 


adjust stoker jets, Refer to Unit P-2, How to Tnspect the Fire. 


Check the thickness of the fire bed by estimating the distance 
from the distributing table and smoke-consumer holes (conbus- 
tion-tube holes) to the top of the fire, 


NOTE: Smorte-consumer holes are approximately 20" from the 


erates. The fire thickness should be 10" or less (Pig. 1). 


Observe the grade, size, and condition of the cosl because the 
jet pressures required are determined by the kind of coal to be 
fired. Sse Units I-6, P-6, and P-8 for information on coal as 
fuel and on general firing “practices. 


Start the stoker by opening the stoker-engine throttle valve 
to admit steam to the stoker engine, and set it to run just 
fast enough to maintuin the desired boiler pressure. Refer 
to Unit P-5, How to Operate the Stoker. 





NOTE: The stoker-throttle valve should be opened slowly to remove 


condensation from the line, 
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NOTE: If the intermediate jet valve and the five jet valves are 
fully opened suddenly, the jet plate may be damaged. 


Test the atoker jets by opening each of the five jet valves 
(Fig. 3) separately before the engine leaves the terminal to 
be sure that they are Working properly. 


NOTE; Eometimes one or more of the jet openings is plugsed. 

If this is the ease, close all of the jet valves ex- 
cept the one controlling the plugged hole. Open this one 
wide to blow out the obstruction. If this does not renove the 
obstruction, use a jet hook to open the hole, 


Observe the grade, size, and condition, as well as the amount 
of coal being delivered to the distributing table (Fig. 3). 
Coal delivered to the distributing table may be observed 
through the peepholes in the top of the elevator pipe. 


Adjust the upper left-hand valve, marked "Left Back," (Fig, 3%). 
This valve controls the amount of coal supplied to the left 
back corner, 


NOTE: Thea difficulty of supplying the back corners with ade- 
guate fuel often causes these places to be troublesome. 
Refer to Unit I-8, whet Can Happen to a Fire. 





Adjust the upper right-hand valve, marked "Right Back," (Fig. 
2) to distribute the coal to the right back corner which is 
often likely to be short of coal. 
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NOTE: <A Steam-pressure gage is not provided 

for the right back and the left back 
jets because only enough steam should be used 
to remove the coal from the corners of the 
distributing plate, 


Adjust the lower left-hand valyc, markcd 
"Left Front," (Figs. 5 and 4). Refer to 
page 40, 


HOTE: On the Standard HT Stoker this valve 
controls the steam to the upper block 
of four holes on the left front half of the 
jet plate (Fig. 5). The adjustment of this 
¥Yalve controls the distribution of the coal 
to the left front and left center of the 
firebox. The lower right-hand valve per- 
forms the same function on the right side 
of the firebox, 





«A duplex steam gage (Fig. 7) with a red 
hand for the left front and a black hand 
for the right front section shows the pres- 
sure being used on these jets. 


HOTE: On the Standard BK Stoker this 

valve controls the stean to the two 
holes in the left front of the jet plate 
(Fig. 5). The adjustment of this valve 
distributes the coal to the left front and 
left side of the firebox, The lower right- 
hand valve performs the same functions on 
the right side of the firebox, 


On the BE Stoker one steam gage connected 
to the jet nanifold indicates the steam 
pressure on all of the jets. A duplex 
gage may be used aS a combination stoker- 
engine gage and jet-manifold gage. (See 
page 40. 


Adjust the lower right-hand valve, "Right 
Front," (Figs. 35 and 6). 


Adjust the center valve. 


NOTE: On the HT stoker this valve is 
called the fine-coal valve and dis- 
tributes the fine coal over the entire 
firebox. It controls the steam to four 
holes located below the front corner jets 
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(Fig. 3). This valve blows steam between the ribs of the dis- 
tributing table to distribute the fine coal which falls between 
the ribs. A Separate gage (Fig. 3) is provided for this jet. 


MOTE: On the BE stoker the center valve controls the distribu- 
tion of coal over the front and center of the firebox 
through the three holes in the center of the distributor plate 


(Fig. 5) t 


13, Inspect the fire frequently, especially after adjusting the jet 
pressures, to make certain that the coal is being distributed 
evenly to all parts of the firebox and that the fire has a uni- 
form depth. (See Unit P-2 for detailed information on How to 


Inspect Fires, 


14. Observe the pressure indicated on the jet gage or gages to fa- 
cilitate resetting after the stoker has been shut off, 


MOTE: <A change in the size or condition of the coal nay neces- 
sitate a change in jet pressures. 


SS 15. Observe the reading on the boller- 
Pape | INTERMEDIATE | pressure gage as any changes in boiler 


cian ET VALVE pressure should be compensated for by 
feb Ale Oa adjusting the intermediate jet valve 

to maintain an even distribuzion of 

coal in the firebox, Fig. & shows 

two different installations of the in- 

termediate jet valve. 


16. On arrival at the engine terminal, 
place the stoker-operating lever in 
neutral position, and close the stoker- 
engine throttle valve end the jet 
valves. (See page 36 for procedure 
at the terminal. 


NOTE: If the intermediate jet valve 

(Fig. 8) is not provided with 
a bleed hole, the valve should he 
left slightly open. or "erackad" until 
the fire is dumped, This precaution 
will prevent overheating of the dis- 
tributing table. 


Leg 


THE DUPLEX STORSA 





On the Duplex Stoker (Fig. 9) the same gen- 
eral distribution procedure will apply, ex- 
cept that only two jet valves are provided: 
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one to control the coal delivered 
by the right elevator, and one to 
control the coal delivered by the 
left elevator, 


1. pen the main valve on the 
steam turret, 


=e. Open the stoker steam valve 
to admit steem to the stoker 
engine and jet lines, 


ov» Open the intermediate jet 
valve to adnit steam to the 
distributor jet lines, 


4, Adjust the right and left 
jets to distribute the coal 
evenly over the fire bed, 


J. Observe the pressure on the 
jat-pressure gage. The two 
honds are merked to assist 
in adjusting the jets. 


6. Inspect the fire frequently 
to make certain that coal 
is being evenly distributed 
over the fire bed, 


NOTE: Decreasing the jet 
pressures will build 

up the fire in the back of the firebox, Increasing the jet 

pressures will build up the fire in the front of the firebcx, 


Equal distribution of the coal to the sides of the firebox 
is controlled by the dividing rib in the transfer hopper. 
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LOCOMOTIVE WATER S¥STEMS 





OBJECTIVES 
1. To explain the general operation of the locomotive water systen, 
&«. TO explain the use of feed-water pumps. 


ov». TO @xplain the use of the injector, 


4, To explain the use of the water glasses and the gage cocks. 


DNTRODUCTORY INF oni. TIO 


The eifictency of the locomotive boiler is gaged in terms of how 
much water can be evaporated, or converted, into steam per pound 
of coal burned, Every sausra foot of grate surface in the fire- 
box must be used to full capacity when the locomotive is pulling 
& load. Full efficiency of the boiler can be obtained onlr when 
the locomotive is properly fired and the fead-water system ia 
properly operated, 


Good, even pumping of the boiler is. a technique which each fire- 
man Should attempt to acquire. Considerable coal can be wested 
and the efficiency of the boiler impaired if the firemen does not 
have a thorough knowledge of how the :uter system of the locomo- 
tive operates. 


Tne injector, which is operated by the engineman, is used to sup- 
ply water to the boller while the locomotive is drifting or idle, 
The pump, which is operated by the fireman, is used while the lo- 
comotive is working. 


Water can be taken into the tender without the necessity of stop- 
ping, by means of a water scoop which is dropped by the firenan 
into the treck pan. From the tender the water is pumped into a 
feed-water heater where 1t i8 heated by exhaust steam before it 
is fed through the boiler shook valvo into tho boilor,. 


Two Kinds of feed-water heaters are in conmon use, These may be 
aan pen es the open type and the closed type, as descrited in 
nis wnit. 


DESCRIPTION Or WATER-LEVEL INDICATING DEVICES 





BOILER ‘WATER-LEVEL GAGES 


From the viewpoint of safety and efficient operation, the devices 
on the back head of the boiler (Fig. 1) for maintaining the water 
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in the boiler at the correct Bet Gace cocks ee 
level, are among the most in- A with connect fe) 
portant devices on the locomo- WATER LEVEL 
tive. : — 


The Water - level indicating de- 
vices include a water column, 
che water glass on the water 
column, one water glass on the 
boiler, gage cocks, and a low- 
water alarm. These are for the 
purpose of giving an indication 
of the height of the water un- 
der all conditions of service 
so that the fireman and the en- 
Fineman Will know that there is 
sufficient water above the 
crown sheet (Fig. 1) for effic- 
lent operation and, especially, 
for satety. 


The gage cocks (Fig, 1) and the 

two water glasses are devices 

provided for checking the water level in the boiler. The two 
Water glasses provide a double check by the fireman and by the 
engineman, The gage cocks are used to check the water glass renad- 
ings and should be used frequently. 


The water column (Fig. 1) is attached to the back sheet, and the 
gaze cocks and one water glass are mounted on it. This arrangement 
gives a much more accurate indication of the water level in the 
boller than can be had when the gages are mounted directly on the 
back sheet because the Water has a tendency to pile up on the back 
sheet as shown in Fig. 1. This tendency to "“plle up" 1i8 caused 

by the rapid cireulation of the water through the arch tubes and 
around the firebox when the locomotive is working, 


The correct water level is two gages of water, or even with the 
middle gage cock which is midway between the upper and lower sage 
eocks (Fig. 1). The correct water level is indicated by the 
following tests: 

Ll. A full stream of water when the bottom gage cock is opened. 


2. A flutter of steam and water when the middle gare tock is 
opened, 


>. Steam discharged from the upper gage cock. 


Before the locomotive leaves the terminal, the water column and 
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Water glasses should be blown out as directed in Unit F-3, How to 
Pump the Soiler, 


waterj-e18a5s connections may eradually become clogged. This is in- 
dicated by alow or sluggish up-and-down movement of the water in 
the glass or by the failure of the water-glass level to register 
with the fare cocks. 


A&A Shield is installed around the water glass as a protection against 
injury from steam and broken glass in case the water glass breaks, 


The low-water alarm (Fig. 2) 
lft a device installed on the 
top of the boller ahead of the 
cab. It will blow when less 
than one inch of water shows 
on the water glass, 


CAUTION: When the low-water 

alarm sounds, open 
oa = Fee Ye ana the lower gage cock (Tig. 1). 
a i | If water does not run out, 
oe the fire must be dumped imme- 
diately. If the bottom gage 
cock shows that there is wa- 
ter in the boiler, increase the water supply and raise the water 
in the boiler to the proper level, 


Dey iO Ware ALAA 
Senin Deets 


Se 





LIVE STEAK INJECTORS 


The injector is operated by the engineman to supply water to the 
boiler when the locomotive is drifting or standing, and also. when 
starting out, before the feed-water heater has reached normal ten- 
perature, 


The injector operates on the principle of imparting to cold Water 
the velocity of steam. The flow of water havine been started 
through the injector to start it, opening the steam valve causes 
the jet of steam to impinge on and combine with the water, in- 
parting, sufficient velocity to the water to force it through the 
delivery pipe, opening the boiler check valve, ani injecting the 
water into the boiler, 


There sre two types of injectors in use, the lifting and the non- 
lifting injectors. The lifting type of injector raises the water 
and forces it into the boiler, This injector 1s located just 
abore the highest level of water in the supply tank, The non- 
lifting injector cannot raisa the water, and therefore mist be 
located below the lowest water level of the tank so that the wa- 
ter will flow from the tank toe the injector by gravity. 
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HAUS T STEAM INJECTORS 


The exhaust-stean injector imparts velocity to the water by using 
low-pressure exhaust steam supplemented by a small amount of high- 
pressure steam called supplementary steam. The low-pressure steam 
is obtained fron the exhaust of thea Locomotive; When no axhaust is 
available, it is replaced by boiler steam called auxiliary stean. 


& gage is provided to show the working pressure 
of the injector, The injector-pressure gage 
(Fig. 3) has two hands and a pointer. ‘The 
black hend shows exhaust pressure in the injec- 
tor body when the injector is working on ex- 
haust steam and also shows auxiliary pressure 
at the same point when the device is working as 

live steam injector, The red hand shows the 
overflow pressure in the injector. The brass 
pointer is set at the overflow pressure, and, 
when this point is reached by the red hand, the 
enfineman knows that water is spilling at the 
overflow and thet the amount of water being in- 
jected into the boiler should be reduced by the 
water-regulator handle, 





FEED WATER PURTPS 


Locomotives are equipped either with two injectors or with one in- 
jector and a water pump. The feed-water pump saves fuel because 
it uses exhaust steam instead of live steam to heat the water te- 
fore it is forced into the boiler, Water pumps (Fig, 4) are ured 
to maintain the correct level of water in the boiler except when 
the locomotive is drifting, standing, or starting out, at which 
time the injector is used, 


The injector is used at these times owing to the lack of exhaust 
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steam. Without the injector it would be necessary to pump cold wa- 
ter into the boiler, causing severe strains to be set up. The in- 
jector should be used at the start of a trip for the first four or 
five miles (about seven minutes) to allow the feed-water heater to 
become thoroughly heated, 


The makes of feed-water pumps in common use on locomotives are the 
Elesco, the Coffin, and the Worthington, Pumps are of two types, 
centrifugal or rotating impeller type (Fig. 4-A) and recipro- 
cating or piston type (Fig. 4-B and ¢C). 


The fireman controls the amount of water be- 
eA SB | «ing fed into the boiler by adjusting the 
It ttifeaity a of ) | Pump-throttle valve (Fig. 5} to increase or 
rigs tre i) | | decrease the speed of the pump. <A pump-oper- 
fs - “eee | ating gage (Fig. 5) is located in the cab. 
| ee Jiro | This gege shows the fireman when waver is be- 
“Stable | ing fed into the boiler. ivhen a reciprocat- 
 -™ ~- -| ing water pump is used, the pulsations (or 
pea oe ft (ap 829+] swinging movement of the hand on the gage) 
ep) Meta: Feet give an indication of the speed of the pump. 
[eae | 4=«2The speed should be regulated so that the 
Jiu, correct water level in the boiler is main- 
tained by Dumping at an even speed rather 
than by intermittently pumping fast and slow. 


————- | ‘he speed of the pump should be adjusted so 
= : "| that it is not necessary to shut the pump 
off. When the lotomotive is standing or 
drifting with closed throttle, the pump 
Piel be Spee = S| should be idled at a speed low enough 580 
Fi a ee quai [ete 5]- that it does not continue to supply the boil- 
Sa Sore )6hlérh UO hvoperate the automatic blowiown. 





DESCRIPTION OF FEED-i/ATER HEATERS 





(hen the water is dravn from the tender tank by the feed-water 
pump, it is passed through a feed-water heater located in front of 
the smoke stack (Fig. 6) The advantagesof heating the water before 
it is delivered to the boiler are readily apparent: the steaning. 
qualities of the boiler are improved, power of the locomotive is 
increased, and fuel is saved. Feed-water heaters are of two kinds, 
the open type and the closed type. 


The closed type of heater (Fig. 6) heats the water by passing it 
through a number of copper tubes surrounded by exhaust steam. The 
water does not come into direct contact with the steam, <ixhaust 
steam flows past the tubes ina direction counter to that of the 
water flow so that the hottest water is surrounded by the hottest 
stesn, 
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The open type of heater heats the water by = he exhaust steam 
directly into the water in a heating chamber (Fig. 8). In this 
heater the stoam is brought into direct contact with the water. 








In the Coffin Feed-Water Heater System the cold water is taken fron 

the tender tank through a filter in the suction pipe to the centrif- 
ugol-type cold-water pump (Fig. 6-A). Fron the cold-water pump, 

the water is pumped to the closed-type feed-water heater (Fig. 6-B) 

located in front of the stack. 


From the heater the Water is forced by the pump through the boller 
check valvo (Tig. 6-¢) into the boller. The condensato from the 
heater returns to the auxiliary open-type heater (Fig. 6-D) locat- 
od in the tender where it Saytialir pre eata the feod water by di- 
rect contact before it leaves the tender to enter the water Pump. 


A duplex gage (Fig. 7) located in the cab 
registers the operation of tha centrifugal 
pump. The gage has two hands, one red and 
one black, The red hand indicates the pres- 
sure of the steam being supplied to the 
pump. The black hand indicates the proa- 
sure of water in the pump discharge Line 
between the pump (Fig. 6-A) and the boiler 
check valve (Fig. 6-C). This pressure must 
exceod boller pressure before water will 
enter the boiler. 





The Worthington Feed-\/jater Heater System (rig. 8) takes cold wa- 
ter from the tender through « suction pipe by means of a centrifu- 
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OPEN-TYPE FEED-WOTER HEATING SISTEM T 


gal cold-water pump (Fig. 8<A) which pumps it into an open-type 
heater located in front of the smoke stack (Fig. 8-B). Exhaust steam 
from the lotomotiye passes into the heater where it comes into di- 
rect contact with the water and raises its temperature close to the 
temperature at which exhaust steam condenses, depending on its 
pressure, The heated water passes to a horizontal reciprocating 
hot-water pump (Fig. 8-¢) which forces it into the boiler through 
the boiler check valve (Fig. 8-D). 


The amount of water delivered to the boiler by the hot-water pump 
is controlled in the cab by an operating valve (Fig. 8-E) which 
regulates the speed of the pump. 


The cold-water pump is automatically controlled by .a float-actu- 
ated control valve in the heater which regulates the steam to the 
pump according to the water in the heater, Thus, cold water is 
pumped into the heater by the cold-water pump as fast as it is 
taken from the heater by the hot-water pump. 


& pump-operating gage (Fig. 8-F) is provided in the cab and is 
connected to the cold-water line between the pump and the heater 
to indicate when the cold-water pump is operating. 


The Eleseo Feod-Vater Heating System (Fig. 9) uses one pump (Fig. 
9-4), which is either a reciprocating or a centrifugal type, to 
take the water from the tender and force it through the heater 
(Fig. 9-B) and then through the boiler eheck valve (Fig. 9-0) in- 
to the boiler. The water is heated in a closed-type heater locat- 
ed in the front of the smokebox, The heater is connected into the 
feed-water system between the pump and the boiler check valve. 


The amount of water delivered to the boiler is controlled in the 
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cab by the pump-throttle valve (Fig. 9-D). 


A gage (Fig. 10) ts provided in the cab to in- 
dicate the pressure of water in the discharge 
line from the pump. When the pressure on the 
gage is leas than boller pressure ,the fireman 
knows that no water is being delivered into 

the boiler. The fireman soon learns how much 
higher than boiler pressure the gage must read 
in order to maintain the correct water level in 
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the Boller under all operating conditions, ham Ma Pre Hed Pt 





EVEN PUMPING 


Regardless of the kind of feed-water system in use on ao locomotive, 
EVEN FULPINMG should be the goal of every fireman. Water should be 
pumped at an even speed, just fast enough to maintain the proper 
level in the bollor at all times. Pumping too fast and then slow- 
ing the pump down part of the time should be avoided. 
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How to PUMP the BOILER and SCOOP WATER 


ORJECTIVES 


1. To stress the importance of maintaining the correct amount of 
Water in the boiler from the standpoint of safety. 


&. To emphasize the importance of maintaining the correct amount 
of water in the boiler from the standpoint of efficiency. 


3S. To explain the correct way of pumping the boiler. 


4. To explain how to use the water gages and how to interpret 
eeace indications. 


3. ‘To explain how to scoop water. 


INTRODUCTORY INFORMATION 


The fireman should be thoroughly familiar with the story which the 
Water gages tell and he should know when to add water and how to 
add it. The correct amount of water should be maintained in the 
boiler at all times from the standpoint of safety and of boiler 
efficiency. 


The fireman showld recognize the fact that even pumping of the 
boiler is essential to good firing. Even pumping means operating 
the pump steadily at a speed just fast enough to Keep the water 
in the boiler at the proper level. Intermittent fast and slow 
pumping is called saw-tooth pumping. 


The locomotive boiler is equipped with o water column, three Wa- 
ter-gage cocks, two water glasses, and a low-water alarm located 
on the boiler shead 
of the cab. One 
Water plass 15 
mounted on the Wa- 
ter column and one 
is mounted directly 
on the boiler back 


7 aeamcrey o™ S/ yl | = 0ohead. These de- 
, “Tage Nae gee vices (Fig. 1) give 
fie EEE een 06=Citthe engine crew an- 
4 gee ee ae ple protection 


against an incorrect 
water level in the 
boiler if they are 
tested and used ac- 
cording to instruc- 
tions, 
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nning with an insufficient amount of water is a dangerous practice; 
on the other hand, overpumping will cause the locomotive to "work 
water," which means that water will be carried into the cylinders 
with the steam, This destroys the lubrication of the steam cylinder 
parts and also causes an extra draft through the fire bed which may 
tear holes in the fire. 





Standard equipment as specified by local instructions 
PROCEDURE 





1. Check the steam pressure by reading the steam gage (Fig. 1). 
The stean gage should show within fifty pounds of the maximum 
pressure indicated on the badge plate when the locomotive is 
taken over by the cre. 


&. Check the level of the water in the boiler by observing the 
water glasses and trying the gage cocks (Figs. 1 and 2), 
These should indicate two gages of water and should be tested 
as follows: 


a. Open the lower gage cock — a full stream of water should 
flow, 


b. Open the middle gage cook — a flutter of steam and water 
should be discharged. 


c. Open the upper gage cock — steam should be discharged. 


ad, Observe both water glasses — they should show half a 
glass. 


The gage cocks should be used frequently to check the we- 
ter level indicated by the water glacc, 


NOTE: Blow out the gage cocks while checking the water 

level. Every possible attention must be given to 
keep the water-glass valves, the gage cocks, and the water 
column open and in good workine order, 





The two water glasses must be blown out when the crew 
takes charge of the locomotive. 


3. Blow out the water column and water glasses (Fig. 2) by the 
following procedure: 
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Blow out the water column by opening the drain valve wide 
(Fig. 2) until the water and sediment have been blown out 
of the column. Then close the drain valve. It is import- 
ant that this be done first to prevent the sediment from 
entering the water glass. 


Blow oul Lie waber wless un the column by clusing the 
water valve (Fig. 2) and opening the drain valve (Fig. 2). 
See that there ia a good flow of steam from the drain pipe. 


Glose the steam valve (Fig. 2) and see that both this 
valve and the water valve are tight. 


Open the water valve wide and see that there is a good 
flow of water from the drain pipe (Fig. £); allow both thea 
———-- drain valve and the water valve 
Bie ie cceer reo 1} to remain open, 
=| WATER GLASS 
Soe) e. Open the steam valve {Flz. 2) 
slowly until it is wide open, 


f. Close the drain valve slowly (Fig. 

, 2) and note that both water ¢lass- 

=e & _cocn f es indicate the same level of vwa- 
2 PLA Ly a ter as do the gage cocks. 


. AoTTO 
soni | GAGE ‘cote 


@& Blow out the second water Glass 
in the same way excent that the 
steam valve is on the turret, 

The glass is mounted on the boil- 
er, and there is no water column 
to drain, 


2 7 ae ra 

ie BA h, Mske certain that the drain 
eae ~_ valves are closed tightly. 
Ke /, 


V  Saees)] i. woke certain that the steam 


valves und water valves to both 
Water glasses are both wide open. 


TESTING THE FEED-/ATER PURE 


1. Gheck the tank valve on the left side of the 
tender (Fig. 3) to see that it is wide open. 


2, Open wide the main valve on the turret Fig. 4. 


3. See that the pump boiler check valve (Fig. 5) 
is wide open. 


4, Open the pump-operating valve slowly, and 
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observe the delivery pressure indicated 


on the gage (Fig. 6). See pages 57 to 
v= for kinds of gages, 


J. kun the pump long enough to make cer- 

tain that the water is actuglily enter- 
ing the boller. The water level should 
be raised on the water glass. 






TESTING THE INJaCTOR BEFORE LEAVING THE 
es ee ae 7 








1. See that the injector-overflow valve 
is Open (Fig. a 


es» Open the tank valve on the right side 
of the tender (Fig. 3). 


a» Open wide the main valve on the tur- 
ret (Fig. 4). 


Check the boiler check valve (Fig. 5) 
to 66¢ thal it ix open, The injector 
does not use the same boiler check 
valve as the water pump. 


INJECTOR pF 
WATER 
1 REGULATOR 


5. Adjust the water-reculator handle 
(Fig. 7) to feed the desired water 
to the boiler without spilling at 
the overflow, 
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6, Shut off the injeotor by closing the 
Steam valve and the overflow when 
correct operation is assured. 
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7. Check the level in the water glasses, 
The proper level should be "tvo gages" or 
approximately half a glass (fig. 6 


WOTE: ‘shen the locomotive is leaving the 

terminal and for the first Tour or 
five miles (about seven minutes;, the in- 
jector should be used to supply Water to 
the boiler until the feed-water heater 
becomes thoroughly heated and the firebox 
temperature is up, ‘Then maintain the wa-= 
ter level with the feed-water pump. 


CAUTION: Be sure that both the injector 
and the water-pump check 
valves are left open, 


TESTING WATER SCOOP BEFORE LEAVING TERMINAL 


Ll. Place the scoop-ocperating valve (Fig. 9) 
in its up, or non-operating, position. 


&. Open tne scoop cut-out cock near the en- 
gineman's seet box (Fig. 10). 


3. Open the cut-out cock under the secoop- 
operating valve (Fig. 9). 


4. ove the scoop-operating handle to cen- 
ter position to exhaust the air from 
the lifting side of the water-stoop 
piston head. 


5. After all the air has been exhausted, 
move the handle slowly toward thea drop 
position until the air is heard passing 
through the valve, Leave the valve in 
this position for a few seconds while 
the scoop drops slowly. 





6, After the test is complete, return the 
scoop-operating handle to the up posi- 
tion. 


when scooping on the road, move the 
scoop-operating handle to the down po- 
sition quickly in accordance with the 
engineman's 5 


7. lose toth "cut-out" eocks (Figs. 9 
and 10). 
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HOTE: In winter weather turn on the "blowback" to the water 
| scoop with sufficient strength to prevent freezing. 


PUMPING THE BOLILEXN WHILE LOCOKOTIVS IS UNDER WAY 





The fire should be in good condition before the lotomotive starts 
out on a run. The injector should be used for the first four or 
five miles, or for about seven minutes after starting out. This 
Will bring the temperature of the brick arch and firebox up to nor- 
mil and will give the feed-water heater time to become thoroughly 
heated. The feed-water pump should then be started, and the injec- 
tor shut off. The water pump should be regulated to run at an even 
speed which will be just fast anough to keep the water level in the 
boiler at two geges {approximately one-half glass), The best super- 
heat is obtained by this method of pumping the boiler. Gd0oD EVEN 
PUMPING Of THE BOILER IS ESSENTIAL TO GOOD FIRING. 


1. Check to make certain that the following valves were left open 
after testing the pump and injector at the terminal: 






a. The tank valves (Fig. 3) on both the right and 
left sides of the tender. 


b, The main valve on the turret (Fig. 4). 


e. The boiler check valves (Fig. 5) for both the 
injector and the water pump. — 


2. Open the pump-operating valve (Fig.11}) slowly. 


ao. Regulate the water supply. The procedures for the ‘Coffin 
closed-type,; the Worthington open-type, and the Elesco closed- 
type s ystems are described in A, B, and C below, 


Awe “The Coffin Closed - Type Feed-i/ater Heater System: 


1. Start the pump by opening the pump-control valve (Fig. 
ll) slowly, The red steam hand on the pump gage should 
rise to 25 or 50 pounds. The black water hand should 
then rise to the same point. Both hands should then 
rise to their respective operating pressures. When 
water is being supplied to the boiler, the black hand 
Will te above boiler pressure and the "reading of the 
red hand will be approximately 175 pounds, 

©. Regulate the water supply with the operating valves 
50 that the proper water lavel will be maintained in 
the boiler by operating the pump at an seven speed, 
AVOID Sau=-TOOTH PUMPING, 


HB. The Worthington Open-Type Feed-ater Heater System: 
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1. Slowly open the pump-operating valve (Fig. 11) approxi- 
mately one and one-half turns, This valve controls 
the sveed of the hot-water pump and the amount of water 
delivered to the boiler, 


&. Hote the pressure on the cold-water pump-pressure cage 
(ig. 6). ‘The gage should indicste 10 to £5 pounds. 


Oo. Adjust the pump-orerating valve until the correct sup- 
ply of Water is being maintained with the pump running 
at al even speed. 


CG. The Eleseo Closed-Type Feed-iater Heater System: 








Open the pump-operating valve (Fig. 11) slowly. The 
Bare hand Will have a regular swing when the recipro- 
cating pump is operating properly. 


Regulate the supply of water by controlling the speed 
of the pump. This is done by adjusting the onerating 
valve until the gage-delivery pressure hand is above 
boiler pressure sna maintains the correct anount of 
Water in the boiler, 


ROTTS: Even pumping at a speed just fast enough to 
maintein the proper water level under all op- 
erating conditions is better than fast, intermittent 
Punping. Supplying cold water to the Boller too 
rapidly will cut-down the boiler efficiency. 


1, ‘to start the pump, note first that the control valve 
is open; then open the operating, valve slowly to bring 
the pump up to speed gradually. When the water is be- 
ing supplied to the toiler, the gare-delivery pressure 
hand will be above boiler pressure (Fig, 12). 


=, Regulate the water supply with the operating valve to 
maintein the.proper waiter level in the boiler. lIven 
pumping 18 essential to good Piring. 


LADTTAIN CORRECT WATER LaVEL 


4, Look at the water glass frequently to check the level of the 
water in the boller. There should be "two gages," or approx 
imately one-half glass of water (Fig. 8). 
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The Elesco Feed-Water Pump and the Coffin Feed-Water Pump are both 

provided with a tripping mechanism to protect them from being dan- 

een by overspeeding. If the pumps trip for any reason they must 
& reset. 


HOW TO RESET THE ELESCO PUMP 


a. Turn the handle in the cab (Fig. 12) to its closed 
position. 


6b. Kestart the pump by opening the 
pPunp-operating valve slowly. 


c, Check the following if a pump 
continually trips. (These are 
the usual causes of tripping. ) 
Report the condition if you 
connot correct it, 


1. Closed tank valve, clogged 
suction strainer or other 
obstruction in the suction 
line, 


2, Closed boiler check valve, 


ov. Overheated suction water 
caused by suction-line 
heater being on too strong. 


& Air leak in suction line, 


J» Pimp requires overhauling 
and has to be operated at 
too high a speed to main- 
tain water level in boiler, 


Tig, 


=a _Seueron See: 





Wnen the Coffin Feed-Weter Pump 
"trips" or shuts off, reset the 
bump by the following procedure: 


Bh. Close the control valve tight- 
ly (Fig. 13). 


Db. Wait one minute and turn the 


resetting wheel clockwise on 
the pump (Fig, 14) near the 
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pump steam chest to the end of its travel (about 1-1/2 turns); 
then release it. 


NOTE: If the resetting wheel can be turned easily, the pump 
resetting is completed. 


HOW TO SCOOP WATER 





l. Before leaving the terminal, learn the 
location of places where water is to 
be scooped so that you can be ready to 
operate the water scoop when the signal 
is given by the enginenan. 


&. Take position at the operating valve on 
the front of the tender (Fig.15). 


So. Cut in the scoop "cut-out cock" (Fig. 15). 


HOTE: The engineman also "cuts in" the 
fir to the water scoop by opening 

the scoop "cut-out cock" near the left 

om of the engineman's seat box (Fig. 


4, When the engineman signals with his arm 
and calls DOW, or Signals with a whis- 
tle, move the handle (Fig, 15) to the 
down position to drop the scoop. 


i= Aer yt, Oe | 5. when the engineman signals with his arm 
sora vA Ree feito and calls UP, or signals with a whistle, 
at the end of the pan, move the operat- 
ing valve to the up position to raise 
the scoop, 


6. Close the “sut-out cock" under the oper- 
ating valve (Fig.15). 


7. Cheek the water level in the tank [{Fi-. 
17) by looking at the gaze on the boiler 
beck head and by trying the try cocks on 
the front of the tender, <A careful fire- 
man takes nothing for granted, 
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COAL AND COMBUSTION 


ORJECTIVES 

1. To give some important information regarding contitions thut 
affect combustion in the firebox of a locomotive. 

&. To expiain the properties of coal that cause different grades 
of coal to react differently when burned, 

ao. To explain wheat causes clinkers, 

4, To suggest ways to prevent clinkers from forming, 





The fireman cannot tell by looking at the coal in the tender how 
Well it wiil Burn in the firebox. He must burn the coal to find 
out how well it will burn, 


There are some conditions that can be observed that will help to 
set the greatest efficiency from coal. Some of these can be ob- 
served in the tender and some cun be observed in the firebox, 


Knowing what causes clinkers to form will anable the fireman to 
fire clinkering coal successfully by the skillful application of 
the rules of good firing, 


WHAT TO LOOK FOR IN THE TENDER 


BEPORS STARTING OUT OW «A RUN 








See that the coal in tha tender is 

trimmed to avoid the possibility of coal 
falling off and injuring someone, and to 
avoid wasting coal, 


Observe the coal in the tender to see 
Whether it is lump or slack. 










Observe the condition of the coal to see 
whether it is wet or dry, 


Remove such things as pieces of rock, 


wood, or iron that might obstruct the 
stoker, 
ON THE THIP 


Observe the coal in the tender occasionally. 
If the coal is wet or irregular in size, pay 
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particular attention to the suggestions in Unit P-6, How to Fire 
Different Einds of Coal. 


Remove any foreign matter that may be in the coal to keep it from 
getting into the stoker trough. 


WHAT TO LOOK FOR IN THE FIREROZ 





Some grades of coal tend to clinker badly, to form a large amount 
of ash, or to produce excessive smoke, [Jf the fireman knows that 
different grades of coal do have these tendencies, he can look for 
and learn to recognize the different conditions when he inspects 
the fire, and can then control his fire to avoid trouble or at 
least to offset the difficulty well enough to get satisfactory re- 
Suits = 


The general precedure, described in Unit P-6, How to Fire Differ- 
ent Kinds of Coal, i8 followed regardless of w @rade of coal is 
being fired, However, an application of the Special suggestions 
for different conditions as given in the same unit, plus an under- 
standing of why different grades of coal behave as "they fio, will 
assist the fireman to get the best efficiency from all kinds of 
coal, 


THREE TRINGS MUST BE CONSIDERED AS ESSENTIAL TO GOOD FIRING 








Keep water in the boiler at the proper level by 
even pumping as described in Unit P-5, How to 
m the Boiler, Control the water supply 

boiler so that it will not be necessary “te 
put a lot of water into the boller at one tine, 
Adding too much water at one time affects the 
steaming of the boiler. 


© Maintain an even fire, 










Feed coal to the fire according to the steam de- 
mand. The information given below explains why 
different kinds of coal require different treat- 
nent in the firebox to get the best results. 





COLL AS FUEL 


A fuel is any substance that will combine chemically with oxygen 
in a rapid process called burning or combustion. Heat and light 
are produced by this process. 


Coal is a fuel made up principally of two elements, carbon and 
hydrogen. 


The carbon in coal is found in two forms: fixed carbon, as the 
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solid carbon of the coke is called: and free carbon, as the gaseous 
carbon of the hydro-carbon gases is called, Carbon occurs in all 
kinds of coal and is the principal source of heat. The amount of 
fixed carbon and free carbon found in different kinds of coal varies 
considerably and affects the behavior of the coal in the firebox, 


Hydrogen is a gas, and, like oxygen or nitrogen, 18 transparent, 
colorless, odorless, and tasteless. It is the lightest substance 
in the world, burns with the hottest flame known, and has a great 


chemical affinity for oZyYReLs 


COMBUSTION 


Combustion is a rapid chemical combination cf oxygen 
of the air with any fuel, producing both heet and 
light. Three things are necessary to sustain com- 
bustion with coal as the fuel: (1) the combustible 
matter in the coal, (2) an adequate supply of oxyeen 
DeoUsRE into contact therewith, and (3) ignition 
which oceurs at. a relatively high temperature neces- 
sary for the fuel and oxygen to burn. 

Approximately three hundred cubic feat of air are 


required to provide the oxygen necessary for the 
complete combustion of one pound of coal. 





The ignition, or kindling temperature, of average 
soft coal is approximately 1800° Fahrenheit, The 
fuel must not only be heated to the kindling temper- 
ature, but it must also be kept at least as high as this tempera- 
ture, or combustion will cease. 


The element of time, or rate of combustion, is an important factor. 
In a locomotive boiler the rate of combustion per square foot of 
erate area per unit of time is relatively high under the forced 
draft necessary to evaporate water into steam by the heat libera- 
ted in burning the fuel. If the fire is not hot enough te burn 
the fuel rapidly, part of the fuel is un- 
burned, passes out of the stack as black 
smoke, and is wasted. 


The temperature in «a properly drafted and 
properly fired coal-burning locomotive 
will range between 20009 and 2800” Fahren- 
heit at the center of the firebox. The 
temperature at the side and end sheets is 
lower because the temperature of the water 
on the opposite side of the sheets is lLow- 
er than the temperature of the firebox. 


It is desirable to get as high a tempera- 
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ture as Possible along the side and end sheets in order to develop 
the highest efficiency in steam generation, 


Much information about the appliances that control the draft ina 
locomotive is given in the following units: Unit. I-2, The Loconotive 
Boiler, Wull I-18, The Smoke Consumer und the Blower. 8 I=", 
Grates and their Function. Other facts that affect combustion are 

. er units in this book, 






FACTORS APFRCUTING COMBUSTION 


Since it is g@ocd combustion that gates the heat out 
of coal to produce steam, some facts bearing on 
THiS subject are presented here. Some of these 
ideas have been covered in other units but they 
are so important that they will bear repeating. 


The fire in the firebox should be as light on the 


L=I : ; ) e wi | \T TAKES ONE POUND OF 
re Gath Oe eae otto Coe te COAL TO EVAPORATE 





permit, should be evenly distributed over the aw ene sid 
erates, and should be freé from banks and ¢clinkers. faded GALLON OF WATER 


When coal is put into the firebox, the heat from the fire drives the 
volatile combustion gases from the coal. These gases are ifnited as 
they pass through and over the bright fire, leaving coke to burn on 
the grates, To burn the gases, e bright, white, almost incandescent 
coke fire is necessary. Under good conditions the gases will te 
consumed a short distance befora they enter the flues. If the gases 
are not consumed in the firebox they will burn only a short distance 
after they enter the flues of 4 boiler, because the water surround- 
ing the flues absorbs heat so quickly that the temperature of the 
gas is lowered below the ignition point, Thus, most of the gases of 
combustion and the fine particles of carbon carried along by the 
draft, that are not burned before they leave the firebox (Fig. 1), 
are Wasted. BLACK SMOKE at the stack consists of this unburned 
fuel, and indicates incomplete 

combustion, Production 
oF black Smoke can be con- 
trolled by careful and in- 
telligent firing. 


Feeding coal to a bright aoe | 
fire too fast bas the ef- aaa eae ROS SIA RIES 

fect of temporarily Goad aa WASTED FUEL RESULT 

ening and cooling the fire, as QB enom /vcomeLierTce a 

and causes the emission of Se KEL COMBUSTION --. e 
quantities of BLACK SMOKE, , a ae ae a 
The amount of gas that can cy ae er 

be burned in a firebox Co 
under the existing condi- {Fis-1) 
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tions of fire and draft is limited, and 
any gas in excess of that amount escapes 
from the stack as wasted fuel. The gases 
of coal are lighter than air and will 
pass away whether they are consumed or 
not. The slow burning of the coke is due 
to the fact that it burns from the out- 
side only. Coal should be added by the 
stoker only as fast as the demand for 
steam requires it. The fireman can main- 
tain the fire at the desired depth (Fic. 
2) by supplying coal to the fire in just 
the quantity required to meet the demand 
for steam and by using the grates to re- 
nove the normal ash accumulation, 


COARSE CoaL 
SOantE Upaty {| CONDITION OF COAL 


The condition of tha coal will determine 
to some extent how it should be fired. 


Coarse (lump) coal (Fig. 5) may require 
& somewhat deeper fire than slack coal. 


Slack (fine) coal (Fig. 4) is burned to 
| ) = @ large extent in suspension ald a some- 

ae SLL 2 ne ee oN Mee pene 

= yp Peat tn Mixed lump and slack coal requires more 

freauent inspection of the fire to make 

sure that an even distribution of the 


coal is maintained, 


Wet coal requires watching, especially 
at the beginning of a trip, to see that 
it does not stick to the distributing 
table (Fig. 5) and that it is being even- 
Ly distributed to all portions of the 
fire. 





| ASHES 
aEy Goat, — timer Th Le great differ 
- ff ere is a., fer- 
SHE SEN Fie ence in the kind and 
quantity of ashes produc- 
ead when coal from differ- 
ent mines is burned. 

Coal from one mine may 
produce very little ash; 
thet from another mine may 
produce 4 large amount, The 


PLING Eee 
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coal with the most ash will produce the least heat for each ton 
burned. 


Ashes mélt when they are subjected to a sufficient temperature, ani 
when they melt they run together to form clinkers. Ashes from coal 
high in iron and sulphur content melt at a much lower temperature 
than the ashes from other kinds of coal. ‘hen the ashes tend to 
melt at a low temperature and form clinkers, the grates must be 
hendled carefully to Keep the fire clean. <A clean fire will allow 
a good flow of air through the grates and thus help prevent the 
ashes [rom reaching the melting point. 


It is important to keep the fire clean when a high-ash coal is be- 
ing burned, for when ashes accumulate on the grate they restrict 
the flow of air through the fire, 


CLINEERS 


Clinkers are formed by improper firing which 

causes Thea ashes to melt. Most coal forms a 

caked clinker before the melting point of the 
ash is reached, If the elinker is discovered at 

at this stage, it can usually be checked and al DARK 


burned out by good crew cooperation and skill- as SPOT 
ful handling of the fire by the fireman. mn , 

CAGUS LS 
A ¢linker in the fire bed of a locomotive boil- asl ay 


er tan cause serious difficulty and may cause a _ | CLINKE 
steam fallure, Clinkers are treacherous be- - at 
cause they may start to form without warning, 
and they grow rapidly after they have started, 
It is easier to prevent a clinker from forming 
than it is to gat rid of it after it has start- 
ed because the measures taken to clear out the 
clinker may actually make the condition worse, 





Bi Xaiss 


AS explained on page 74 in the section dealing with ashes, the 
tendency of coal to clinker varies considerably in coals mined in 
different localities, Theclinkering tendency is governed by the 
Kind oF asn contained in the coal. 


SUGGESTIONS FOR AVOIDING CLINKERS 





Clinkers are formed by ashes high in iron and sulphur content that 
get too hot, Heating ashes beyond the clinkering temperature causes 
them to cake and eventually to melt and run together if the rise in 
temperature continues. 


Keeping the ashes below the clinkering temperature prevents clink- 


ering. The ashes on the grates and under the fire bed are cocled 
by air passing through the grates, A thick layer of ashes (Fig. 
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6) may start a clinker 
because the flow of air 
is restricted. 


aShos is allowed to ac= 
cumulate, the grates 
must be Shaken exces- 
Sively to clean the fire 
and thus the fire bed is 
disturbed, This action 
may work partially burn- 
ed coal down into the 
ashes, The coal contin- 
ues to Burn and my 
Taise the temperature of 
the ashes enough to 
Start a clinker. 





when clinkering coal is being fired, the fire bed should not be 
disturbed with the rake as this action may bring points of melted 
ash together, or mix ash already near the melting point with burn- 
ing fuel, shus eausing a clinker to form. 


A bank can form a clinker because the air does not pass freely 
through that portion of the fire and, when this happens, the ashes 
under the bank may be heated to the melting temperature, 


If a light spot develops in the fire bed, great care must be taken 
when coal is being added to build up the low area, for a large 
anount of fresh ¢oal tends te form a clinker, ‘Working fresh coal 
down into the fire by using the rake or by violent shaking of the 
Grates may also starta clinker. 


GENERAL FIRING INFORDATION 





Carry as light a fire as possible to maintain the proper boiler 
pressure. This will depend on how hard the locomotive is being 


worked. If the fire is too thin, the draft is likely to tear 
holes in it. The steam pressure "will fall if the fire is too -thin. 


A fire thet is too thick (Fig. 6) is caused by too much ash on the 
erates, <A thick fire slows up combustion by restricting the flow 
of air through the grates. Aa thick fira causes clinkering and 
prevents the fly ash from passing out of the stack. 


Frepare the fire before reaching a haavy grade so that it will 
withstand the heavy exhaust, Cut down on the cosl supply far 
enough before the start of a down grade so that the fire will be 
in good condition for light working conditions and so that the 
Safety valves Will not open. 


Page 76 


er LOCOMOTIVE FIRING ee ee 
ae UNIT [<6 oo oe 





The draft produced by the working locomotive controls the maxinum 
amount of coal that can be burned in that locomotive, Feeding coal 
beyond this rate results in a thick fire. Feeding coal below this 
rate, results in reduced steam pressure, To maintain a fire of 
uniform thickness, more coal must be fed when more steam is being 
used and less coal must be red when less steam is being used. 


stop firing far enough from a station to insure gases being con- 
sumed before the throttle is closed 50 as to reduce black smoke 
and prevent safety valves from opening, 


THE PRINCIPAL CAUSES OF ‘M4STED COAL 
» Coal in tender not properly 
trinmec. 


Allowire coal to fall out of 
FgZaneways. Do not let coal 
fall Irom scoop. 





© Leaving door open too long. 
@ Using tlower too strong. 


Firing faster than coal 
ay can be burned. 





6 ] Allowing safety valves to open. 


@ 


rire not hot. enough for perfect 
combustion. 
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HOW TO FIRE DIFFERENT KINDS OF COAL 





OBJECTIVES 


1. To emphasize the importance of following the Same general proce- 
dure to get good results from all kinds of coal, 


2. To give the general procedure to be followed to get best re- 
sults from a stoker-fired locomotive. 


o. To stress the fact that good firing saves coal. 


4. To give suggestions that will help when firing different 
erades, sizes, and conditions of coal. 


INTRODUCTORY INFORMATION 


The job of firing a locomotive would be a rela- 
tively simple procedure if the fireman was as- 
sured of having coal of good quality, size, and 
condition to fire. However, this is not the case 
because a desirable grade of coal is not always 
avallable. Therefore, the fireman must be pre- 
pared to fire inferior coal under unfavorable 
conditions, 


There are some standard practices which apply to 
all firing situations which, if followed, will 
Save considerable trouble for the flreman and 
enable him to get good efficiency from th: loco- 
motive he is firing. 





STANDARD FIRING PRACTICES 


Carefully observe the coal in the tender and 
at the point of distribution. 


an ns 
ow 


Maintain an even stoker speed to keep the Bassin J 
fire at the minimum depth that will maintain sitet 
the required boiler pressure. ale 


Set the stoker-jet pressures to maintain an be 
even distribution of coal over the whole fire. 
Change pressures as necessary if the grade, 
size, or condition of coal delivered to the 
distributing table changes. 





e Inspect the fire frequently and correct un- 
F satisfactory conditions. i 
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: | Hand fire the light spots when neo- = ifijpesstyipiissnagigestsccgy: 
essary to maintain a level fire. fir taneed a up eeealtias uae 
Move the grates frequently, seduces 
. Maintain oorreot water level at all 9 0) 


times by even pumping. 


under which the locomotive is be- ES 
ing worked, Bie 


Avoid excessive use of the fire rake. area a 
pilates | 
™ Call the engineman's attention to [EBay 





notive can be worked accordingly. 


Wet coal, high-slack coal, clinkering coal, and high-ash coal can 
be successfully fired if the above practices are observed, to- 
gether with the suggestions given in this wnit for the different 
Kinds of coal. 


UILPMENT REQUIRED 
Standard equipment as specified by local instructions 


HOW TO FIRE DIFFERENT KINDS OF COAL 
PROCEDURE 


JLANDARD FIRING PROCEDURES TO BE FOLLOWED AT ALL TIMES 


1. 


Observe the condition and size of the coal at the point of de- 
livery. Tae jet setting will vary according to the size and 
condition of the coal being burned, 


Do not allow rock, iron, wood, or other foreign matter to be 
red into tie stoker if it can be detected in the coal and re- 
moved before it enters the conveyor, 


Unit I-6 gives information on the kinds of coal and their ef- 
fect on conbustion. 


Prepare the fire before starting out as explained in Unit 
P-]1, How to Prepare the Fire. 





start the stoker after the locomotive is under way according 
to the instructions in Unit P-5, How to Operate the Stoker, 
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4, Set the stoker jets as explained in Unit P-4, How to Adjust 


Os 


7. 


stoker Jets. 


Adjust the stoker to run at an even speed. When small lumps 
and slack coal are being fed into the stoker, less steam pres- 
sure is required to maintain oan crecn supply of coal to the 
distributing table than when cosl containing large lumps is 
being used. More power is required when lumps of coal are ba- 
ing broken by the crusher, 


NOTE: An even stoker speed makes possible an accurate setting 
of the stoker jets. 


Check the speed of the stoker by observing the amount of coal 
being delivered to the distributing table. The amount of 

coal required to keep the fire in proper condition depends on 
the conlitions under which the locomotive is being worked and 
on the kind of coal being fired, Close observation of condi- 
tions in the firebox and of the conditions under which the lo- 
comotive is working will enable the fireman to make adjustments, 
if necessary, to get the best efficiency out of every ton of 
coal burned. 


Keep a constant check on the gages listed below. Changes in 

readings tell a story that enables the fireman to take steps 

to rT" conditions that affect the fire before they become 
serious. 


A. piler-pressure gage (Fig. 1] = A change in boiler pres- 
, the volume of coal to main- 
tain the ctrrect boiler pressure, and an adjustment of 
the stoker jets to maintain an seven distribution of the 
coal. <A change in boiler pressure may raquire attention 
to the fire to bring the pressure up if it is dropping, 
or may require & reduction in the amount of coal sup- 
plisd to the fire to avoid popping. 





b. Pyrometer (Fig. 1) - A drop in reading indicates too 


tmuea water in the boiler, engine foaming, or bad fire 
conditions. (See Unit F-11, How to Lnterpret Fyrometer 


Readings. } 


c. Water plasses and gege cocks (Fig. 1) = Low water can 
cause serious damage to the crown sheet and may endanger 
life. High water spoils the SUPERHEATING EFFECT of the 
Locomotive and DESTROYS LUBRICATION. The water level in 
the boiler should not exceed two gages at any time. 











Stoker distributor jet gazes (Fig. 1) - A study of these 
ages Ll mak ‘Llble to set jets for even distri- 
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bution of the coal to all parts of the firebox. A frequent 
check of the coal being fired to detect a change in size 
or condition will make it possible to adjust jet pressures 
before the fire is affected. When the jets are to be shut 
off, note the pressure shown on the pressure gages so that 
jet. operation may be resumed with the game pressure if da- 
sired. 





6. Stoker-engine gage (Fig. 1) - Fluctuation of this gage 

E ijcation of what is happening in the tender 

conveyor unit and crusher and gives an indication of tie 
speed at which the stoker is running. If the gage reading 
goes up approximately to boiler pressure and stays there, 
it is an indication that the stoker has stopped. This may 
be due to a foreign substance lodged in the stoker or to 
lack of lubrication. 


Add water to the boiler at an even rate to maintain two gages 


of water as indicated - me Water glasses and gage cocks, 
(See Unit F-5, How te mp the Hoiler, for instructions, ) 





"Nove" the grates often to prevent an accumulation of ash on 
the grates, to avold clinkers, and to maintain the proper fire 
re sb , (See Unit P-7, How to “Shake the Grates, for instruc- 
tions. 


Flush the ash pan, if conditions permit, immediately after 
shaking the grates, to prevent damage to the grates or grate- 
bar connectors by the ashes building up on the wings of the 
ash pan. (See Unit F-9, How to Use the Ash-pan Flusher, for 
instructions, ) | 
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Blow down the locomotive with the manual blowdown in accordance 
with local instructions, (See Unit P-10, How to Use the Manual 
Blowdown. ) 


Inspect the fire often. The frequency of inspection wiil depend 
on the kind of coal being: used and how the locomotive is being 
Worked. «A bad condition can be corrected before it causes seri- 
ous trouble if it is discovered soon enough, {See Unit P-2, 

How to Tnspect the Fire, for instructions. } 





Adjust stoker speed, stoker-jet pressures, or vanes as required 
to improve the fire and thereby maintain an even boiler pres- 
sure. (See Unit P=-6, How to Correct Had Fire Conditions, for 
instructions. - | 


SUGGESTIONS FOR FIRING WET COAL 


Follow the standard firing pro- 
cedure outlined in the first 
part of this unit, and apply 
the following suggestions: 


ls Inspect the fire frequently. 
When the coal is wet, the 
even distribution of the 
coal over the fira is more 
likely to be affected be- 
cause of the tendency of 
wet coal to stick together 
or to stick to large pieces, 


2. Adjust the jets, if heces- 
sary, to slightly higher 
than normal pressures as 
wet eoal tends to stick to 

the distributing table (Fig. 2). This condition is more no- 

ticeable at the beginning of a trip before the distributing 
table is heated thoroughly. 


Use the jet hook or poke-out rod to dislodge the coal from 
the distributing table if it starts to stick to the table, 
even after the jet pressures have been increased, ‘iet toal 
has a tendency to beke on the distributing table if not rae- 
moved. If it is allowed to accumulate, the increased jet 
pressure may blow the coal back under the arch. 


Inspect the fire after each adjustment of jet pressures to 
mike certain that the coal is being distributed evenly. 


Page 82 


LOCOMOTIVE FIRING 
Procedure UNIT P-6 How-To-Do Series 





Follow the standard firing procedure outlined in the first part of 
this unit, and apply the following suggestions: 


Ll. Fire high-ash ooal as light as poesible. A good flow of air 
through the fire will carry the fly osh out of the stack. 


2. Move the grates often to prevent the accumulation of ash. 
2. Inspect the fire often. 
NOTE: A light-ash fire is more likely to "walk ahead" on the 


grates. This is caused by vibration and the sloping 
of the grates, 


SUGGESTIONS FOR FIRING CLINKERING COAL 





Follow the standard firing procedure outlined in the first part of 
this unit, and apply the following suggestions: 


1. Adjust the stoker speed to avoid crowding the fire. Crowding 
the fire increases the tendency to produce clinkers and causes 
excess smoke. 


&, Adjust the stoker jets to get an even distribution of coal and 
to prevent banks from forming. Banks shut off the air through 
the thick portion of the fire and thus a clinker forms and 
gradually grows. 


o. <Avoid the use of the fire rake with clinkering coal. Use it 
only in emergencies as the rake causes the clinkering sub- 
stances to run together to form a bad clinker. 


4. Move, or Wiggle," the grates often to insure a free flow of 
alr through the fire, Do not shake grates violently. 





2» Lnspect the fire often, It is easier to correct a clinkering 
condition terore it becomes serious than it 1s to get Tid or 








Follow the standard firing procedure outlined in the first part of 
this unit, and apply the following suggestions: 


lL. Adjust the jets and vanes, if necessary, to control the dis- 
tribution of the coal to the back corners. The stoker soaraw 
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tends to deliver more fine coal to the right and more lump 
coal to the left when the two are mixed. 


a. Garry a slightly heavier fire at the back portion of the flire- 
box. It is good practice to use the scoop to build up the 
back portion of the fire. 


S. Adjust the jet pressures if the coal changes from fine to lump 
or fron lump to fine. 


NOTE: When the coal changes from fine to lump, the jet pres- 
sures should be increased or the coal will pile up in 
the back portion of the fire (Fig. 3). 


| NOTE: ‘then the coal changes 
Srey Hae es | from lump to fine, the 
; Fa PA jet pressures should be de- 
am COLL FILED IB BACK — ba creased or the coal will be car- 
UNBALANCED DRAFT =| ried to the front of the fire- 
, =| box and perhaps cause a plugged 
arch (fig. 4). 


2. Lnspect the fire after sach ad- 
justment of the vanes, stoker 

aif jets, or stoker speed to make 

i fee . i ees 5a 3 E | certain that the coal is being 

Sees siz iSiticunetrati er aren distributed evenly. 





NOTE: ilatch for drifts and 
banks when there is 
slack coal mixed with lump coal. 


Go. Give close attention to the sup- 
ply of coal in the tender and 
at the point of delivery to the 
firebox to observe its size and 
condition, so that need for ad- 
justments can be anticipated, 
and mide if necessary, before 
the fire is affected by changes 
in the coal being supplied br 
the stoker. 
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GRATES AND THEIR FUNCTION 


OBJECTIVES 


1. To describe how grotes are tonetructed. 

2. To show how the proper use of grates promotes good firing. 

3. To stress the importance of using the grates correctly. 
INTRODUCTORY INFORMATION 


The proper use of the grates will help the fireman to maintain a 
good fire and to get the best results from all Kinds of coal, 


A knowledge of the detsils of construction, such as the general 
types of grates, and the size and shape of the openings through 
the grates will give the fireman a better understanding of the 
importance of correct grate operation and the effects tha: it has 
on the fire. 


GENERAL INFORMATION 


The proper use of grates requires careful consideration of two im- 
portant factors. The first is to use the grates to keep the fire 
in good condition. The second is to use the grates so that thay 
will not be warped, burned,or broken by misuse or carelessness, 


The design of the grate bars makes provision for the essential 
functions of tie erate: 
(1) to get rid of the 
ashes, and (2) to 
permit the air to pass 
through the fire. 


The grates are usually 
made in four sections, 
and are Shaken by 
shaker rods cosanected 
to a fulcrum Lever 
(Fig. 1). Eacna sec- 
tion is moved 3Jepa- 
rately, and usually 
it. is desirable to 
move the front grates 
first to make 4n even 
distribution of the 
draft through the 
Lire. 
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The grate bars are shown in Fig. 2. 
They carry a number of sections 50 
constructed that when they are assen- 
bled on the bar, numerous tapered 
openings permit the ash to pass 
through when the grates are moved, 
The size of the openings govern the 
anount of air passed through the 
erates in proportion to the grate 
area, 


The fire should be kept light and 
clean. <A light, clean fire can be 
maintained by getting rid of the 
ash produced by the burned coal as 
fast as it accumulates. 


Regardless of the type of grates, 
their chief function is to assist 

in keeping the fire light and 

clean (Fig. 3). Keeping the fire 
bed light and clean prevents clinker 
formation and results in practically 
smokeless combustion. 


To maintain a clean fire and to 
avoid smoke, the fire should be 
Starved as much as possible and 
still maintain the correct boiler 
pressure. 


The depth of fire and ash on the 
erates will grocually increase while 
the engine is being worked hard. 
This results ina dirty fire and 
clinker trouble. However, through proper use of the frates the 
fire can be kept as thin es the work being done by the locomotive 
and the grade of coal burned will permit. 


Banks should be leveled before the atoker is started, If a bank 
forms after the stoker is started the grates should be shaken un- 
der the bank to get air through the thick area, The use of the 
rake should be evoided if possible. There should be no reason 
for using the reke if the fire is carried level and clean from the 
start and if the stoker speed and jet pressures ure skillfully ad- 
justed, 





Stoker firing produces an ash clinker rather than a coal clinker 
because of the thin, hot fire bed that 1s maintained. Stirring 
the ashes up into the fire will certainly cause a clinker, 
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The stoker does the heavy work of firing a locomotive but does not 
have the brains and judgment necessary to control thea fire. The 
thin fire carried when firing with a stoker makes it necessary to 
use the grates carefully. 


USE OF THE GRATES 


There are three degrees of movement used by firemen when shaking 
grates: wiggling, shaking, dumping. All three terms, however, 
mean shaking, Shaking the grates properly ia a very important 
factor in keeping the fire in good condition. This requires GOOD 
JUDGMENT on the part of the fireman. 


The three degrees of grate movement are: 


1. Wigeling - light shaking - moving or rocking 
&. Shaking - half stroke or half open 
S&S. Dumping - full stroke or full open 


The first degree of grate movement, which is the most frequentl 
used method of operating the grates (Fis. 4), 


consists of "moving" the grates often. This 

action scrapes the bottom of the mine 
Ber aes ee pe ey a ee ey OE drops the heavy ash through the openings in 
ea Eee ee ae eh parent the urate ater Pie whine the draft through 
jae : : the fire bed carries the light ash out 
through the stack. The grates should be 
moved while the locomotive is working light. 
This combination of slight grate movement 
and light draft does not disturb the fire 
bed. 





on 
= 


Keep the fire light and clean and increase 

the supply of coal if the fire gets too 

= SS aE | thin for the conditions under which the loco- 
7 * | motive is working. 


The second degree of grate movement (Fig. 5} 
consists of using a little longer stroke on the 
Shaker handle and "shaking" the grates to 
work large accumulations of ashes, small 


clinkers, and slate through the grates. 


This action reduces the depth of the fire rap- 
idly and, beacause of the lifting action of the 
erates, has a disturbing effect on the fire. 
A short time should be allowed after shaking 
each section of the grates to let the fire 
settle down before the next section is shaken 
to avoid disturbing too much of the fire at 
one time, Proper use of the first method of 
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moving the grates will reduce the need for the second method to a 
mininun. 


The third degree of grate movement is the dumping method which in- 
vYolvyes the use of the full-length stroke and opens the grates sev- 
eral inches (Fic. 6). This action is used when it is necessary 
to olean or dump the fire, 








Ash accumulations in the ash pan should be kept away from the 
erates and shaker rods to avoid burning or warping them. This can 
be done by proper use of the ash-pan flusher, aA free flow of air 
through the grates keeps the temperature of the grates down, and 
therefore it is not necessary to maintain a bed of ashes on the 
grates to protect them from the heat of the fire bed. 


The grate-shaker levers in the cabs are provided with a locking de- 
vice which assures that the grates are flat when the lock is in 
place (Fig. 7). Keeping the grates flat prevents unburned coal 
from falling through and avoids burning the grate sections. fhis 
might happen if an edge of the grate is turned so that it projects 
up into the fire, 


SELECTED _F 3 | 
Examinations for Firemen and Hostlers New York Central System 








Instructions for the Preparation 


and Maintenance of Locomotive Fires New York Central System 
Traveling Engineers' Railway Fuel and Traveling 
Examination Book Engineera' Association 
Locomotive Cyclopedia Simmons, Boardman Pub. Co, 


Pemphiets supplied by grate manufacturers 
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HOW TO SHAKE THE GRATES 





OBJECTIVES 


1. To call attention to the safety precautions to be observed when 
Shaking grates. 


2. To explain the function of the grates in maintaining the fire 
in good condition. 


4. To explein how grates should be shaken, 


INTRODUCTORY INFORMATION 


The proper use of the grates (Fig. 1) is an important factor in 
maintaining a good fire and will eliminate considerable trouble if 
the correct procedure is followed. The frequent movement of the 
grates will prevent the accumulation of ash, will maintain a clean 
fire, will prevent the formation of clinkers and thus will help 
eontrol and equalize the draft. The grates are used to assist in 
controlling the depth of the fire which should be ten inches or 
less, The fireman should understand that the second ten inches 
(ten to twenty inches) builds up twice as fast us the first ten 
inches because the fly ash or fine particles are not carried off 
by the draft if the fire is too deep. 


The grates should be shaken only enough to keep the fire clean, 
to maintain the proper depth, and to maintain an even draft (Fic. 
2). Grates should be moved or rocked often, instead of violently 
shaken at infrequent intervals. It is desirable to move the front 
grates first if all sections 
are to be shaken, as cinnges 
in speed, the vibration of 
the locomotive, and the angle 
of the grates fends to cause 
the fire to work ahead and 
become thicker on the front 
erates. Grates should be 
Shaken while the locomtive 
is being “worked light" be- 
cause shaking disturbs the 
fire, 
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vs 


Shut off the stoker to let the gases pass off 
preparatory to inspecting the fire. 


Apply the smoke consumer to burn off the gases 
so that a complete inspection of conditions in 
the flrebox can be meade. 


Open the fire door. 


Examine the fire for evenness and thickness to 
determine whether or not the grates need shak- 
ing and which grates should be shaken. (Units 
P-6 and P-8 give information that will help the 
fireman to decide when to shake the crates. ) 


NOTE: Fire and ash should be ten inches or 
less in depth and should be even on 
the grates, 


NOTE: Grates are installed in the firebox at 
a slight angle sloping toward the front. 
4 fire should be level with the grates (Fig. 


Estimate the fire thickness by judging the dis- 
tance between the top of the fire and the smoke- 
consumer holes (fig. 2). (Refer to Unit P-2 
for detailed inspection procedure, )} 


HOTe: Smoke-consumer holes ure approximately 
twenty inches from the grates, 


Distance between frates and arch tubes 
at the throat sheet is fourteen inches, 


Steybolts are four inches apart. 
Decide which grates to shake, how much to shake 
them and when to shake them. The operation of 
the grates requires good judjnent. 


Orgonize the fire and get the boiler pressure 
up if necessary before shaking the grates. 
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8. Shake the grates. Nove oné section of the 
erates, or more than one section es requir- 
ed by the fire condition. 


NOTE: Suggested procedures for shaking 

the grates to correct different fire 
conditions are given in this unit on pages 
92 to 95 under the following headings: 
(1) Operating grates to remove normal ash 
accumulations, (2) Operating grates when 
the fire is thin in the back or has "work- 
ed ahead," (S) Operating grates to elimi- 
nate banks or high spots, (4) Operating 
erates to remove clinkers, 
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9. Organize the fire and get the boiler pres- 
sure up, if necessary, before inspecting 
the rire, 


chu 
elon 


J ii 
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10, Inspect the fire to sea whether or not it 
is in good condition after shaking the 
Erates . 

) 


OP ERAT THE GRATES TO 





wi. | RECOVE NORMAL ASH 
LEFT BACK | 
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eras lL. Place the shaker rod on the grate levers 
nesta and move the front grates enough (Fig. 3) 

to correct any unsatisfactory condition 
revealed by the inspection. Refer to pages 88 and 89 for infornma- 
tion about how much to shake the grates. 
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CAUTION: Be sure that the keeper locks are up and that the 
sheker bar fits on the lever to avoid injury while 
operating the grates. 


a, It is desirable to move the front grates first to nake 
sure thet air in coming through the front portion of the 


fire. 


b. Control the fire depth and the draft through the fire bed 
by gently moving the grates often enough to remove the 
normal ash accumulation. 


c. DO NOT SHAKE THE GRATES AT TERMINALS EN ROUTE UNLESS 
ABSOLUTELY NECESSARY, 


2. Shake the rear grates. 
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a. If it is necessary to shake 
The grates excessively to re- 
duce the ash accumulation it 
may be desirable to wait a 
short time after shaking each 
Section before shaking the next 
section so that the entire fire 
bed will not be disturbed at 
one tine. 


b. It may be desirable to hand fire Tight 
spots or holes if they develop while the 
erates are being shaken. 


ec. If conditions permit, the ash-pan flusher 
Should be used immediately after shaking 
the grates. This will prevent fire and 
ashes from building up on the wings of 
the ash pean and thus avoid damage to the 
Brates and shaker rods, 


Restore the keepers to lock the grates in their 
flat position after the shaking operation is 
completed, 


shut off the smoke consumer. 
Hesume stoker operation, 


WOTE: If the bad conditions were caused by 

an improper amount of coal or an un- 
even distribution of coal over the fire bed, 
make the necessary adjustments by changing 
the stoker speed or the jet pressures. 


Examine the fire to make certain that it is 
in, good condition, 


Notify the engineman if a bad fire 
condition is found so that he can 
"ease Off" or, if necessary, close 
the throttle while the fire is be- 
ing repaired. This is done to de- 
crease the pull through the thin 
oe Which causes an unbalanced 
ratt, 
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&. Equalize the draft through the grate area, before attenpting 
to build up the back of the fire, bY placing tha shaker rod 
on the front grate levers and by moving or rocking the grates 
gently under the thickest portion of the fire (Fig. 4). 


CAUTION: Be sure that the shaker bar fits on the lever and 
that the keeper locks are up (Fig. 3) 


NOTE: Shaking the grates violently disturbs the entire Tire 
bed, fire is often shaken through the ash, and clinkers 
torm on the grates. 


4. Remove the shaker bar and restore the keeper locks to the lock- 
ed position. his locks the grates in the flat position and 
avoids the burning of sections of the grate 


4, Shut off the smoke consumer. The smoke consumer tends to 
hinder the distribution of the coal and should tbe used only 
when heeded, 


2» Close the fire door and resume ostoker operation. 


HOTS: ihen the stoker is not operating, the fire dies down 
ind the boiler pressure drops. 


CPERATING UHR GHsaTio TO sLLiNais SANKS OF THIGH Srors 


1. Determine the cause of the bank while inspecting the fire. 

=. Take inmediate setion to correct the distribution of the coal 
by adjusting the gstoker 
jets. 


ms Lie ie" A | ee sl! _— Fa eet 


Teel alp 7 ee fr age a= Tho!) irl Lit beter 


fei ess, ives ooeaet! er etriga aiep near oa. Determine the location 


and size of the bank 

= “a on (Fic. 3) and decide 

q BANK OR HICH SPOT - what. movement of the 
RESTHICTED DRAFT prates is necessary to 

: reduce the thichnesa 

of the bank and to re- 

store the draft throu 

that portion of the 

erate ares covered by 

tne bank. 


c, Place the shaker rod 
on the @~rute lever 

—— if, fies eter that operutes the sea- 

bee ie ee 8 ae tion of grate under 

2 iia en, the bank, The keepers 
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as 


(Pie. 3) are marked so that the fireman can readily see which 
section of the grate ne is shaking. 


Move the shaker lever forward and backward until the high spot 
or bank has been eliminated and the fire has the proper thick- 
SS ie 


HOTS: Bo not use the fire rake unless it is absolutely nec- 

essary. However, if the rake must be used, use it 
only to level off the bank, being careful not to tear the 
fire bed by digging into it with the rake. Refer to Unit 
I-6, Cosl and Combustion, 


OPERATING THE GRATES TO REMOVE CLINKERS 


1. 


ae 


Determine the size and depth 
of the clinker while inspect- _ 
ing the fire (Fig. 6). Tita geoeh ae omen alee ire sine 


Dg Siig ge at 

ed enter ll 

eee ee ee 
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NOTTS: Frequent inspection of j CLINKER - _ 
| the faye will enable ets a | UNBALANCED DHAPT fe 
the fireman to detect clinkers ie Re o_O ES 
before they affect the fire : ve 
seriously. In general, the 
erates should be moved or 
"wisteled" often (not shaken) 
to insure free-flowing air 
through the grates and thus 
eliminate one of the chief 
causes of clinker formation. 





Open the frates under the 

clinker far enough to break ; 
the clinker. This may let enough air through the area to burn 
the clinker out, If this cannot be done, apply one or more of 
the following sugrestions: 


®, 8reank the clinker up and work it through 
the Brates. 


b. Take it out through the fire door, if 
possible. 


CAUTTON: Handle the clinker carefully to 

avoid getting burned, and dis- 
pose of it in a way that will not injure 
unyone along the right of way. 
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ec. Full the «linker back under the distributing 
table or into the back corners with the fira 
Ths | STR Froml. | rake, 


Se) \uvoce ‘re \ 
‘i : 
au 


NOTE: If it is necessary to open more than one 

acetion of the erates to break up a 
clinker, a short period of time should elapse 
after moving each section, and care shou.d be 
taken to save as much fire as possible, 
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WHAT CAN HAPPEN TO A FIRE 





OBJECTIVES 


1. To point out several things that may affect the fire while a 
locomotive is ona rum, 


2. To explain what the fireman can do to prevent trouble from 
developing when things do happen that will affect the fire. 


’ LNTRODUCTORY INFORMATION 


The conditions described in this unit give the fireman some in- 
formation that will enable him to anticipate bad fire conditions 
before ther develop or to discover them immediately after they 
have developed. By knowing what can happen, the fireman is able 
to take steps to correct conditions tefore his:fire is seriously 
affected, 


THINGS THAT APPECT THE PINE 


CUT-OFF A.D THROTTLE CHANGES 

If the cut-off is shortened or the throttle is eased off, less 
steam is required and there is a possibility of getting too much 
COAL in the firebox and too much WATER in the boiler unless the 
stoker speed, the stoker-jet pressure, and the water supply are 
regulated to decrease the supply of coal and water according to 
the reducec demand, 


If the cut-off is lengthened, or if the throttle is widened, more 
steam if required and more COAL and WAT must be supplied. The 
stoker speed, the stoker-jet pressure, 
and the water supply should be incresas- 
WHER THROTTLE ed accordingly. 
18 £ASESD OFF Fe 
mee are Ar oe, The fireman will know when these 

, eer 7 Gent changes take place if: 





‘a -{-}- wa fe 


—— *« a. There is close coopera- 


IS REQUIRED. | = =e ee tion between the fire- 
ees Ree | he man and the engineman 
oe ig. 1). 
\ Fat. ae ee is KY OeEN ED Pee, Aho b. He observes the condi- 


eo 


MORE STEAM Lee tions under which the 
MORE WATER [2 fm locomotive is being 
AFORE COAL BP worked and anticipates 
Lapa Fr H need for more or 
lese stean, 


iS REGUIRGED. 
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c. The steam pressure gouge is watched 
for a rise or fall in pressure. 


FIC. a COAL PILED 


WIGES IN KINDS OF CO, _IN BACK OF FIREBOX 





x the QUAL goes from lump to slack, 

the jet pressures should be DECREASED; 
otherwise a bank may form under the 
ARCH (Fig. 2). 


= the COAL goes from slack to lump, 

the jet pressures should be INCREAS- 
ED; otherwise a bank may form in the 
back of the firebox (Fig. 3). 





If the COAL goes from dry to wet, or from wet to dry, the jet pres- 
sures may require adjustment, 


The fireman will know when these changes take place if: 
ea. He watches the coal being supplied to the stoker. 
b. He watches the coal being delivered to the distributing table, 


¢c¢. He inspects the fire frequently to see that the coal is being 
evenly distributed. 





If the stoker jets are IMPROPERLY S&T, banks will form in the fire- 
box (Figs. 2 and 3). ‘The Tf | ld be bullt up properly at the 
terminal and then careful attention should be given to the jet 
pressures to maintain an even distribution of coal after leaving 
the terminal and after the stoker is started. 





The fireman can detect improper jet pressures if: 


a. He watches the grade of coal in Seo —=—— — = 
the tender and at the distribut- spate af ——_ 
ing table to detect changes in 
the kind of coal being fired. 


b. He watches the amount of coal be- 
ing delivered by the stoker, 


c. He inspects the fire frequently 
and watches for banks and low 
spots, 





ad. He watches the boiler-pressure 
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gege for an increase or decreese in 
pressure, 





firebox and may result in an unbal- 

enced draft through the fire bed (Fig. 
4). This may cause an excessive 
carry-over of py and unburned 





thin fire Lae a tenlansy to steep off 
the back grates. The cteam pressure will drop if the fire is too 
lisht for the conditions under which the locomotive is working. 






oo much coal will cause a heavy fire which may result in an accumu- 
lation of ash and cinders, Excessive smoke and a waste of coal Yre- 
sult from Saedine coal to a fire faster than it can be burned, 


The fireman can supply the proper amount of coal to the firebox if: 


a. He inspects the fire frequently and increases or decreases the 
supply of coal by regulating the stoker speed as required. 


b. He Watches the steam pressure and observes the conditions under 
which the locomotive is being worked and then controls the 
coal supply accordingly. 


Oo. He knows the "run" and oan plan ahead to supply coal according 
to steam demands. 


ad. He has the cooperation of the engineman who notifies him be- 
forehard of changes in running conditions that will affect the 
demand for stean, 





=| FIRE SORKED AHEAD -I- 
stot TL ON BACK “GRATES lf 


There is a tendency for the fire to 
creep ahead on the grates (Fiz. 5) 
when there is a change in spesd or 
when a vibration is set up by the 
engine riding rigid at high speed 
in short-running cut-off. This 
causes the fire to become Light on 
the back grates, 





The firemen can avoid this by: 
a. Inspecting the fire for this 
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condition when the locomotive 18 riding rough or vibrating, and 
when a change in speed takes place, 


b. Notifying the engineman if the fire condition is serious in 
order that he may ease off or, if necessary, close the throttle 
to decreasa the pull on the fire. 


cc, Adjusting the jets to maintain an even fire. 

ad. Shaking the front grates, if necessary, to equalize the draft 
through the fire before building up the light spots with the 
Scoop. 


&, Using the scoop, if necessary, to assist in building the fire 
up along the back. 


SLIPPING OF LOCOMOTIVE DRIVE WHEELS 
Holes may be torn in the fire if the wheels of the locomotive slip 


(Fig. 6}. The fire should be inspected after severe slipping. 
Coal should be added by hand with the scoop if holes occur, 





SELECTED REF ERENCES 


Examinations for Firemen and Hostlers New York Central System 
Instructions for the Preparation 

and Maintenance of Locomotive Fires New York Central System 
Traveling Engineers' Railway Fuel and Traveling 
Examination Book Engineers’ Association 
Locomotive Cyclopedia Simmons, Boardman Pub. Co. 
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OBJECTIVES 
1. 
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To emphasize the fact that bad fire conditions can be avolded 
by following proper firing procedures, 


To explain how to correct common defects in the fire. 


To explain how to correct unusual conditions in the firebox. 





them. 





The equipment provided 
should comply with 
local instructions. 


Lanterns (Hed and White) 
Flags (Red and White) 
Alligator Wrench 

Monkey Wrench 

Scoop Shovel 

Fire Hake 

Packing Hook 

Packing Spud 

Oil Can and Waste 
Drinking Water Container 


Wire Torch foal Pick 


Shaker Bar Torpedoss 
Grease Gun Jet Hock 
Slide Hook rusees 


INTRODUCTORY INFORMATION 


Bad fire conditions may be avoided if the fire- 
man inspects his fire often and follows the 
rules for firing as outlined in Unit P-6, How 
to Fire Different Kinds of Coal. 
spite of vroper care and ali - 
satisfactory fire conditions arise, and it is 
necessary, therefore, for the flreman to be 
able to recognize such conditions and correct 


However, in 
precautions, wo- 


PROCEDURE 


HOW TO CORRECT BANKS IN THE BACK 
OF THE FLRESUA 








Examine the fire carefully te 
determine the size and lotation 
of the bank, Refer to Unit P-<, ~ 
How to Inspect the Fire, for 
complete information on fire 
inspection, 


1. 





Determine the cause of tha 
bank (Fig. 1). 
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NOTE: The bank may be caused by improper jet 

pressure, improper adjustment of the 
vanes, the formation of a clinker, or by 
crowd ing the fire. 


‘3 
a 


Correct the bank by doing any or all of the 
following: 


&. Place the shaker rod on the shaker lever 
and move the grates under the bank Light- 
ly to equalize the flow of air through 
the fire, and thus prevent the formation 
oF olinkers, 


NOTE: The fire rake may be used to level 
off the bank if care is taken not 
to disturb the fire bed, 


b. Readjust the vanes (on stokers so equip- 
ped by loosening the lock nuts on the 
vane-coutrol serews and by turning the 
screws 70 the right to reduce the anount 
of coal delivered to the back corners. 


c. Increase the steam pressure to the right 
back and left back distributor jets by 
opening the jet valves slightly so that 
the coal will be distributed evenly over 
the entire fire bed, Refer to Unit F-4 
for detailed information on distributor- 
jet adjustments. 


4, Examine the fire often to check the results 
of these adjustments, thus making cartain 
that coal is being evenly distributed, 


TO CORRECT BANKS IN THe FRONT 
, FIRESOX 


lL. Examine the fire carefully to 
determine the size and location 
of the bank (Fig. 2) as a basis 
for deciding upon the correc- 
tive measures to be taken, 





ea. Move the grates under the bank, 


“. Decrease the pressure on the 
right-front and left-front dis- 
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ee jets by turning the jet valves clock- 
se, 


Inspect the fire frequently to make certain 
that the coal is being evenly distributed, 


NOTE: When wet coal ia being firad, tha jat 

pressures are sometimes increased so 
high that the wet coal is blown wonder the 
brick arch (Fig. 2). When this happens the 
arch may be plugged. 


HOW TO CORRECT A PLUGGED ARCH 


1. Move the front grates until the excess ash 
has been removed, 





2. Level off the fire with the fire rake, 


NOTE: Use the rake with oare to avoid mix- 
-ing the unburned conl with the ashes. 


o» Decrease the jet pressures by turning the 
right-front and left-front jet valves clock- 
Wise to decrease the amount of coal supplied 
to the front of the firebox, 


4. Examine the fire frequently and make certain 
that the bad condition has been corrected 
and that the coal is being evenly distributed. 





l. Examine the fire carefully to determine the 
size and location of the light spot (Fig. 3). 





NOTE: <A light spot under the distributing 
table is one of the most difficult con- 
See ditions to detect because 
; it is not possible to 
see directly under the 
table. If the boller 
ressure drops and 
the fire directly 
ahead of the disatrib- 
uting table has an as- 
pecially bright appear- 
ance, it is reasonably 
Safe to assume that 
there is a light spot 
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or a bare spot under the distributing table. 


&. Hand fire the light spots with the scoop, or invert the scoop 
and place it over the top of the distributing table and close 
the fire door, This will deflect the coal down below the teble, 


CAUTION: If the inverted-secoop method is used, close the fire 
anor to prevent the coal from being blown out of the 
cor. 


So. Examine the fire often to check for proper dapth and aven dis- 
tribution, 






HOW TO CORRECT LIGHT SPOTS ON THE 
Back GRATES 
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l, Check the fire bed carefully for 
light spots or bare spots, and 


" Ly 
te as 


hote the size and location of Pea 

then. Hullo 

NOTE: Bare spots (Fig. 4) oc- =f: ae! : eae 
cur often on the back i piglet tierra ts tat _ ere A | de 

grates because the vibration of is “IME FAY a 

the locomotive causes the fire St 


to areep ahead on the grates 
Which are on am angle. 


=. Call the attention of the engineman to the 
fire condition so that he may “ease off" 
or, if necessary, close the throttle so 
that the pull on the fire will be da- 
creased, thereby eliminating the possibil- 
ity of plugging the netting while the fire 
is being built up. 


o. Hand fire tie bare spots with the scoop. 


4, Adjust the stoker jets to supply more coal 
to the back portion by incressing or de- 
creasing the pressure on the right-back 
and left-back jets, (See Unit P-4 for 
information on stoker jet adjustments, } 


Bow TO CORRZCT FIRE DEPTH (Fire Too Deep) 





1. Inspect the fire carefully to determine 
the depth by estimating the distance be- 
tween the top of the fire and the dis- 
tributing table and smoke-consumer holes 
(Fig. 5). On the BK and HT stoker, 


Pege los 
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both the distributing table and 
the combustion tubes, or smoke- 
consumer holes, are approximate- 
ly twenty inches fron the top 
of the grates. The fire should 
be ten inches or less in depth. 


Reduce the fire depth by placing 
the shaker bar on the front 
erate levers (Fig. 6) and by 
rocking the grates carefully. [Yor infcrmation on 
Shaking grates, refer to Unit P-7, How to Shake 


Grates, 


NOTE: Do not rock the grates so violently that 
the entire fire bed will be disturbed, 


Place the shaker bar on the rear grate lever and 
rock the rear grates carefully until the proper 

depth has been attained, Jt may be well to wait 
a short time after shaking the front grates be- 

fore shaking the rear grates and thus avoid dis- 
turbing the whole fire at one tine. 


Flush the ash pan after shaking the grates, if 
conditions permit, to prevent damage to the 
grates or shaker rods by the fire and ash build- 
ing up on the wings of the ash pan. For conm- 
plete information on the use of the ash-pan 
flusher, refer to Unit P-9, How to Use the Ash- 
pan Flusher. 


Reduce the speed of the stoker by turning the 
stoker-throttle valve clockwise 60 that the sup- 
ply of coal will be decreased, The fuel should 
be fed to the fire Just fast enough to maintain 
the correct boiler pressure. Excess [fuel is 
wasted, produces smoke, and may cause clinkers. 


Observe the apount of coal being delivered te 
the distributing table by opening the peepholes 
in the top of the elevator pipe or discharge 
box. 


Watch the boiler pressure. 


HOV! TO CORRECT A CLINKERED FIRE 
1. Inspect the fire to determine the size and location of the 
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clinker (Fiz. 7). The size of 
the clinker may be determined by 
the size of the bank or dead spot 
and also by the area of the Tire 
which moves when the grates are 
rocked. 


Flace the shaker rod on the grate 
lever and open the grates under 
the @¢linker enough to bresnk the 
clinker, This. will allow air to 
pass through the clinkered area. 
Ti this does not eliminate the 
clinker, apply the following 
suggestions as a last resort: 


Ae 


b. 
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Pull the clinker to the back of the fire- 
box, under the distributing table, with a 
fire rake. The fire rake should be used 
only to pull the clinker back under the 
distributing table to break it up. 


Knock the clinker through the grates if 
possible, 


NOTE: If the clinker cannot be broken up 


small enough so that it will go ~ 
through the grates, it should be renoved 
through the fire door. 


CAUTION: Use care when handling hot 


clinkers, The squirt hose may 
be used to cool the clinkers after remov- 
ing then through the firebox. 


Hand fire the light spots with a scoop. 


Readjust the stoker jets to equalize the dis- 
tribution of the coal so. that banks will not 
form. Banks develop into clinkers, For in- 
Papaation on stoker adjustments, refer to 
Unit P<4, How to Adjust Stoker Jevs, 


Examine the fire frequently. Frequent in- 
spections are the fireman's best insurance 
against serious troubles with his fire. A 
bad condition can usually be corrected by 
making a minor adjustment if it is discover- 
ed soon enough. 


HOTE: If the coal being fired tends to form 
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clinkers, pay particular attention to the follow. 
ing standard firing rules: 


a. <AvoLd overcrowding the fire. 
b. Do not allow banks to forn. 


ce. Keep a balanced draft through all portions 
of the fire by maintaining an even fire, 


d, Kove the grates often and gently to keep 
the fire light and clean, 





e. «Avoid the use of the fire rake except in 
emergencies, 


SUGGESTIONS ON FIRING TO AVOID DAMAGE TO THE FIRESOX AND TUBES 





1. The fire should be heaviest at the sides and the back cormers 
of the firebox to make certain that holes do not develop at 
these points, Holes here would cause cold air to strike the 
side Sheets or back sheets of the firebox, 


=, <A¥oid too much coal in front of the fire door as this causes 
burned distributing tables and clinkered fires. 


3. Maintain an even steam pressure, and pump an even Water level 
to avoid too rapid expansion or contraction of firebox sheets 
ond boiler flues, 


4, Watch the water gages closely to avoid low water. This con- 
dition may cause a burned ¢rown sheet. 


oS. Avoid foaming by using the manual bDlowdown as per local in- 
Btructions. 


6 Avoid holes, light spots, or banks in the fire bed, as these 
cause an uneven draft through the firebox, 
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THE ASH-PAN FLUSHER 





OBJECTIVES 
1. To describe the locomotive ash pan. 
2. To explain the purpose of the ash-pan flusher,. 
3. To-deseribe the ash-pan flusher. 

IWTRODUCTORY INFORMATION 
An understanding of the purpose of the ash pan and the ash-pan 
flusher will enable the fireman to make the best use of these in- 
portant parts of the locomotire. 
PURPOSS OF THE ASH PAN 
The ash pan receives the ashes shaken from the grates and carries 
them until they can be conveniently dumped so that hot coals will 
not start fires along the right of way. 
It is important that hot cinders or burning coals deposited in the 
ash pan be kept away from the grates and grate rods to avoid over- 
heating them, Excessive heat in the ash pan may burn or warp the 
grate sections, grate carrier bars, and shaker rods, 


DESCRIPTION OF ASH PANS 


















Ash pans are mide to fit into 
the limited space available 
beneath the firebox of a lo- 

comotive. The ash pan con- 
sists of the hopper which 
carries the ashes and the 

upper Section which fits 









ASH —-RA 
FLUSHEAR 


“Foot 
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the bottom of the firebox and conveys the ashes to the hopper. Ash 
ans may have either a single hopper (Fig. 1) or a double hopper 
‘Fig. 2). Each hopper is provided with either a swinging door (Pig. 
1) or a sliding door (Fig. 2). 


The design of the hopper is important because it must be rigid 
enough to keep the door in alignment so that it will close tightly. 
If the ash-pan doors do not close tightly, hot cinders and sparks 
may fall out and cause serious fires along the right of wary. 


THE ASH-PAN FLUSHER 





The ash-pan flusher (Fig. 5) consists of a control rod in the cab 
and a control valve in the boiler leg connected to flushing pipes 
Along the sides of the wings of the ash pan, These pipes have 
spray slots at intervals along them. Through these slots water 
can be saprayed at an angle against the ash-pan wings to wash the 
ashes into the ash pan. 


There ifs a cap on the end of esch flush pipe 80 that Sediment from 
the boiler can be cleaned out, Obstructed flush pipes should te 
reported. 


WHAT THE ASH PAN FLUSHER DOES 
The ash-pan flusher does three important things: 


1. It flushes the ashes from the sloping wings of the ash pan in- 
to the hopper. An excessive amount of ashes in the ash pan 
or an accunulation of ashes on the sloping Wings may interfere 
with the free flow of air through the grates and into the frire- 
box. Such obstruction either reduces the draft through the 
erates or causes an wnbalanced draft, 


—. Lt extinguishes burning cin- 
ders or coals and prevents 
them from continuing to turn 
in the osh pon. This climi- 
nates the possibility of 
Starting fires along the 
right of way and reduces the 
possibility of burned or warp- 
ead grates and grate-control 
rods, 


It provides a means of thaw- 
ing frozen ashes in the hop- 
per before they are dumped, 
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THEN TO USE THE ASH-PAN FLUSHER 

If conditions permit, the ash-pan flusher should be used inmediately 
after Shaking the grates to prevent damage to the grates or shaker 
rods br the fire building up on the Wings of the ash pan. 

In treezing weather, thaw the frozen ashes by applying the ash-pan 
flusher before the ashes are to be dumped en route, 

WHERE THE ASH FAN SHOULD BE DURPID 


Dump ashes only according to locel instructions. 


FEL EO T & D REFRHENCOES 








Exaninations for Firemen and Hostlera Wew York Central System 
Instructions for the Preparation | | 

and Maintenance of Locomotive Fires New York Central Systen 
Locomotive Cyclopedia Simmons, Boardman Fub. Co. 





Page liz 


LOCOMOTIVE FIRING 
Procedure UNIT P99 How-To: De Series 





Hourtouse the ASH-PAN FLUSHE Rand the COAL PUSHER 
OBJECTIVES 7 7 
1. To tell how to use the ash-pan flusher. 

2. To explain the function of the mechanical conl pusher. 

5S. To explain how to use the coal pusher. 


LNTRODUCTORY INFORMATION 





The procedures for using the ash-pan flusher and the coal pusher 
are given in separate sections in this unit. The operation of 
these devices is not complicated but it is important that they be 
operated correctly. 


EQUIPLENT REQUIRED 
Valve oil for coni-pusher Lubricator 
ASH=PAN FLUSHB 


The ash-pan flusher is used to remove ashes from the wings of the 
ash pan and to cool hot coals or cinders, 


After considerable ash has been Shaken out, there is likely to De 
an accumulation of ashes on the wings of the ash pan which may 
vrevent a sufficient volume of air from coming through the grates. 
Excess ash on the wings of the ash pan may cause burned or warped 
erates and shaker rods, 


The ash-pan flusher (Fig. 1) should be used immediately after ine 
erates are shaken, if conditions ae ag ta 
permit. ao A 










PROCEDURE 
HOW TO OPERATE THE ASH-PAN FLUSHER 


1. Flush the 
ash pan by 
opening 
the ash- 
pan flusher 
valve (Tig. 
=) after 
shaking all 
erates or 
whenever 
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there is a possibility of an accumulation 
of ashes on the wings of the ash pan. 

The ash pan, nhowever, does not need to be 
flushed each time the grates are moved, 


©. Flush the ash pan in freezing weather 
berere arriving at any place en route 
where the ash pan is to be Gumped so 

ef thet ashes will not be frozen and there- 

Teen aay EL i — fore be difficult to remove from the 


7. tf — 
ey Y we THE COAL PUSHER 





The mechanical coal pusher (Fig &) is used 
to move the coal formard in the tender when 
it does not Teed into the opening to the 
tender-conveyor trough of the stoker. 


The coal pusher consists of a steam cylinder 
Which operates a T-shaped main pushing member 
located on the rear slope sheet of the tender. 
It is operated by a auick-ection valye in the 
steam line under the tender. The valve is 
controlled by a handle located on the coal 
gate of the tender (Fis. 6). 





Lubrication is a very important factor in 

Securing satisfactory service from the coal 
pusher. Valve oil is used as a lubricant and is injected into 
the steam line by a special lubricator (Fie. 3). 


HOW TO LUBRICATE THE COAL PUSHER 


The best time to use the lubricator is after the pusher hes made 
one or two strokes so that the piping and cylinder mechanisms 
Will be hoi, 

1. Shut off the main steam valve (Fic. 5). 

=e. Close tightly the small valves above and below the Lubricator, 


a. Unserew the lubricator filler plug, pour in the valve oil, and 
replace the plug (Fig. 3). 


4, Open the small valves above and below the lubricator. 


J. Heopen the main steam valve. 
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NOTE: One lubricetor full of oil per trip is usually sufficient. 





1, 


4. 


HOW TO OPERATE THE MECHANICAL COAL PUSHER 


Watch the coal in the tender to make certain that the tender- 
conveyor screw is. receiving a sufficient amount of coal at 
All times (Fig, 4). 


HOCTE: The ¢oal pusher should not be used when the coal is 
against the front of the tender as there is a possi- 
bility of demaginug the gates. 


Open the main steam valve (Fig. 5) located: on the turret, 


This valve is used to shut off the steam to the operating 
Valve when the coal pusher is not in use. 


Push the operating lever down 
as far as it will go and hold 
it in this position until the 
pusher completes the up stroke. 
The operating lever is located 
on the tender (Fiz. 6). 


pu be tll : Le | i 


An automatic stean-cushioning 
arrangement stops the piston 

at the end of both the up and 
down stroke of the pusher. 


fst 


The up stroke loosens the. coal 
around the pusher crossheads, 


Release the operating valve- 
handle, A spring automatically 
returns the valve to the cown- 
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stroke position (Fig. 6) which ceuses the 
pusher to return to the down position, 
pushing the coal forward In the tender. 


The coal pusher is left in the dcwn posi- 
tion when it is not in operation, 


5, Close the steam valve. This valve should 
be closed at all times when the pusher 
is not belng used, unless local instruc- 
tions direct otherwise. 


HOTE: If the valve is open when the push- 

er is not in use, the pressure will 
hold the drain valves olosed, thus causing 
condensation in the pining and the ‘pusher cylinder, Escaping 
steam may obscure signals, 





&. Operate the pusher three or four times at the end of each trip 
and before taking coal. This helps to keep the pusher in good 
Working order. 
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BOILER BLOWDOWN SYSTEMS 





OBJECTIVES 
1. To explain the need for blowing down tha boller of a locomotive. 
&. To tell when the manual blowdown is used. 


oo. TO describe an automatic blowdown systen., 


INTRODUCTORY INFORAATION 





For maximum efficiency a locomotive must have dry steam. This is 
obtained by maintaining a good fire and by using good judgment in 
keeping the water in the boiler at the correct level. It is also 
important to keep the water in the boiler in good condition by 
Keeping the dissolved solids at a minimun. 


The amount of impurities in the boiler water must be controlled to 
avoid foaming, ana it is for this purpose that locomotives are 
equipped with blowdown systems. Eoth automatic and manual systems 
are availebie. 





Foaming is caused by on oxcessive amount of impurities in the water. 
Impurities present in water remain in the boller when the water is 
evaporated into steam and thus become more and more concentrated if 
they are not removed, 


Impurities in boiler water are in two forms: soluble elements 
that dissolve in the water, and solids in the form of mud or sludge 
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which do not dissolve. The dissolved elements are discovered by 
analyzing the water. ‘hen these elements are known, the harnful 
effects in the boiler oan be reduced by treating the water with 
chemicals. The undissolved material will settle to the lowest 
part of the toiler and can be drained off with the automatic and 
nanwal boller hlewdown systeme. 


The fireman has no control over the problem of getting good water 
for use in the boiler, but when he must use water that has a ten- 
dency to foam there are two important reasons why he must watch the 
water level in the boller closely. The first reason is that foan- 
ing water causes the locomotive to "work water," and has 9 a same 
effect as too much water in the boiler as shown in Fig. 1. This 
makes the superheater ineffective because the heat that should su- 
perheat the steam, is used to make steam out of the water carried 
over with the steam. In addition, the impurities in the foaning 
water are carried over into the superheater and may form a stele 
on the surface of tha units which shortens the useful life of the 
superheater, The second reason is that the lubrication of valves 
and cylinders is destroyed by the water, a condition which miy re- 
sult in a loss of power and may ceuse scored or broken parts. 


Poaming makes it difficult to get a true indication of the water 
level in a locomotive boiler, because it increases the bubbling ac- 
tion that takes place when waiter boils. ‘ihen water boils, bubbles 
of steam are produced at the heating surfaces and rise throush the 
water (Fig. 1). When the water is boiling violently, the bubbles 
of steam form so rapidly that the volume of water in the boiler is 
increased, Water under this condition is called light water. When 
the bubbling action is taking place in a boller the water glasses 
and gage cocks will indicate a higher water level when the throttle 
is open than they will when it is closed. <A high water level is 
indicated when the throttle is open and a large quantity of steam 
is being used because the pressure on the water is reduced and the 
water bubbles freely. The true water level is indiccted when the 
throttle is closed because the increased steam pressure on the 
Water causes it to become "solid." The engine crew must take this 
condition into consideration when watching the water level in the 
boiler. 


Foaming increases the tendency of boiling water to form bubbles 
and to become light. Thus, foaming water may give a false reading, 
especially when the throttle is wide open. There is a danger that 
the water level will fall below the top of the crowm sheet, caus- 
ing it to overheat. When water in the boiler is foaming, the 
throttle must be shut off gradually to show the true level of the 
Water, and particular care must be taken to make certain that the 
water level does not get too low, 





In addition, foaming, like high water, contributes to conditions 
which make for a hard steaming locomotive. It has a tendency to 
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increase the draft and thereby disturb the fire bed. ‘When the loco- 
motive works water, it is good practice for the engineman to ease 
off on the throttle and open the game cocks. Always remember 
that foaming and high water DESTROY L CATION. 


The wanual blowdown should be used according to lLlooal inetruotions. 








The tendency a water to foam is reduced by eliminating the uri- 
ties, Sludge, and mud from the boiler by equipping the oconst ve 
with a boiler blowdown device. This may consist of a manually op- 
erated valve (Fig. 2), or an automatic continuous blowdown systen 
(Fig. a), or both, 


ANUAL BLOWDOWT 
THE MANUAL BLOWDOWN consists of a valve in the base of the boilor 


leg (Fig. 2) which can be opened from the cab by the fireman or 
the engineman. 





Locomotives can be equipped with blow-off mufflers 
(Fig. 2) which reduce the noise and eliminate the 
possibility of demage to the roadbed. 


The manual blowdown should be used often in wcordsce 
with local instructions, and after the locomotive 
stood for some time. WHEN STARTING, open the at 
blowdown and get the sediment out before it circulates. 


Tf the locomotive is equipped with a well-regulated 
automatic blowdown device it will not be necessary to 
use the manual blovwiown frequently while the locomo- 
tive is on the road, 


THE AUTOMATIC CONTINUOUS BLOWDOWN (Fig. 5) is a de- 
vice that automatically ellows ao smell amount cf water 
to be discharged from the boiler. By continuously re- 
moving sludge and dissolved solids at approximately 
the same rate at which 
they are added with 
the feed water, the 
automatic blowdown 
controls the concen- 
tration of impurities 
in the boiler water, 
thus preventing foom- 
ing and avoiding 
waste of water through 
excessive blowing. 





MANUAL 
BLOWODOWN 
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It is not necessary for the fire- Sete, tee setae ta a SS 
man to know the details of the ani ag “ay 
automatic blowdown, but a brief 
deseription is given here so 

that he will know the essen- 

tial parts and their location 

on the locomotive. aA typical 
automatic blovdown system con- 
sists of three main units with 

the necessary piping and con- 
nectlons. The angle valve 

(Fig. 3-A) is tapped into the 
boiler lez to draw off sludge and 
impurities in the water, The auto- 
matic blowdown valve (Fig. S-B) is connected 
to the angle valve and the steam chest. The 
separator (Fig. 5-C) receives the water from 
the bDlowdown valve. The rate of flow i5 con- 
trolled at the steam chest by the position 
of the throttle valve, and the maxinunm rate 
of flow is restricted by an orifice (Fig. 
S=-D) placed between the blowdown valve and 
the separator. The connection to the steam chest is 50 méede that 
the blowdown is in operation when the locomotive throttle valve is 
opened, Some automatic blowdowns ore operated from the water-pump 
Steam line and operate only when the weter pump is working. 
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To test the device on locomotives equipped with the type controll- 
ed by water pumos, it is necessary to open the pump throttle suffi- 
ciently to register at least fifty pounds discharge pressure on the 
water-pump gage and then observe the bottom of the separator drain 
pipe (Fig. 3-E). If a discharge of water comes from the drain pipe, 
the blowdown is in working order. On a locomotive on which the au- 
tomatic blowdown is controlled by the throttle, it is necessary to 
open = main throttle and make the same observations as previously 
state 
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HOW TO USE THE MANUAL BLOWDOWN 





OBJECTIV gS 


1. To emphasize the importance of blowing down the locomotive in 
accordance with local instructions. 


&. ‘To explain how to use the manual blowdown. 
5. To explain how to test the automatic blowdown, 
INTRODUCTORY INFORMATION 


Variations in the amount of impurities in the water of different lo- 
calities and the differences in local operating conditions make it 
necessary to prepare local instructions for using the manual biow- 
down on locomotives. These instructions are prepared to assist the 
fireman in avoiding foaming of the boiler water by giving him in- 
formation upon which to base His judgment. 


Foaming in a boiler is caused by the concentration of impurities 
in the water. The purpose of the blowdown, whether automatic or 
manual, is to get rid of enough of the impurities to prevent foaming, 


Priming is caused by carrying water too high in the toiler so that 
when the throttle is opened Water passes over wlth steam in the form 
of spray (Fig. 1). 


when the engine is working water, either because of foaming or be- 
cause of high water in the boiler, the reading of the pyroneter 
gage Will fluctuate or drop. 


The bad effects from foaming and priming are similar. 


When the water foams badly, there is 
danger of knocking out cylinder 
heads, of cutting valves, and 
the danger of stalling on 
gereades because the engine 
cannot ba worked to its 
full capacity. 








When a locomotive works 
Water, there 15 danger of 
breaking cylinder packing 
rings, of knocking out cylin- 
der heads, of breaking bolts in 
the steam chest, and the danger of 
cutting valves. 


These dangers can be avoided by 
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following the steps and observing the suggestions 
presented under the procedure part of this unit, 





1. Notify the engineman of the condition. He may 
ease off on the throttle and may open the cyl- 
inder cocks to relieve the water from the cyl- 
inders, 


2. Allow the boiler to cool off a litile, 


3. Increase the supply of water to the boiler, 
if necessary, to prevent the water from fet- 
ting too low. Refer to Unit P-5, How to 
Pump the Boiler. 


4. Use the manual blowdown (Fie. 2) when condi- 
tions permit, to get some of the bad water 
out of the boller, thereby making room for 
clean woter. Refer to puge 124 for instruc- 
tions, 


CAUTION: Make certain that there is suf- 
ficient water in the boiler be- 
fore using the manual blowiown, 


CAUTION: Make certain that no one is near 
enough to be Injured when the 
blowdown valve is opened, 


wuHAT TO DO IN CASE OF PRIMING 





1. Shut off the supply of feed water by closing 
the feed-water supply valve until the boiler 
water drops to the proper level. 


=, Use the canual blowdown, if it is necessary 
und if conditions permit. The real purpose 
of the manual blowdown is to get rid of dirt 
und sludge which cause foaming. Tre use of 
the blowdown to lower the level of good clean 
water is wasteful and should be avoided. 


o. hesume the weter suoply when the proper level 
ig Teached, but at a lower rate than before 
to avold again getting too much water into 
the boiler. Refer to Unit P-5, How to Fump 
the Boller. | 


Page 23 





LOCOMOTIVE FIRING 


Precedure UNIT P-10 How-To-De Series 


HOW TO USE THE MANUAL BLOWDOVA 


ls 


Fe 





Note the location of the manual-blowdown operating handle (Fig. 
2) in ?ront of the seat box, 


See whether or not the locomotive if equipped with oan auto- 
matic blowiown. An automatic blowdown reduces the need for 
using the manual blowdow,. Refer to Unit I-10, Boiler Blow- 


down Systems, 
Study the local instructions for blowing down the loécmotive. 


Use the manual blowdown often in accordance with local in- 
structions and after the locomotive has stood for So0mé time. 
When starting, open the manual blowdown to get the seciment 
out before it circulates, if conditions permit. 


CAUTION: Always make cértain that to one is 
elose enough to be injurec when 
the blowdown valve is opened. 


5, wateh the pyrometer for indications of foam- 
~ or priming refer to Unit P-1l, How to 
t EF E : 





BO.) TO TEST THE AUTOMATIC CONTINUOUS BLOWDOWE 


l. Test the type operated by the water pump by 
opening the pump throttle sufficiently te 
register at least fifty pounds discharge 
pressure on the water-pumo gage. Observe 
the botton of the separator drain pipe. If 
a discharge of water comes from the drain 
pipe, the blovdoewn is in working orcer. 

See Unit I-10 for a deseription of the au- 
tomatic blowdown. 


&. Check the type operated by the throttle 
valve when the main throttle valve is open, 
& @ischarge of water Crom the drain pipe 
from the separator indicates that the blow- 
down is in working order. 


3. \Wateh the pyrometer gage {Fig. 3) for indi- 
cations of foaming or priming. Refer to 
Unit F-ll, How to Interpret Pyromete: jeacing 





4, Check the water glasses and the gage cocks, 
if the locomotive is working water, to see 
whether the condition is caused by high 
water or by foaming. 
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THE P¥ROMETER 





ORIBCTIVES 
1. To describe the pyrometer. 


&. To show the close relation between the pyrometer reading. and 
the eonditions in the firebox. 


3. To point out the importance of superheating. 


INTHODUCTORY TUWORMATION 


The pyrometer is used on locomotives equipped with a superheater. 
It indicates to the crew whether or not they are getting the in- 
creased power and fuel economy that can be obtained from superheat- 
ed steam. The pyrometer reading is one of the best indications 
thet the fireman has as to the conditions in the firebox and in 

the boiler. 


It is interesting to note that the pyrometer indicates the TEMPER- 
ATURE of the superheated steam at the cylinders of the locomotive 
and 1S A more sensitive indication of fire and boller conditions 
than the toller PRESSURE gage 


The pyrometer (Fig. 1) consists of three units: (1) a thermo- 
couple unit which reacts to very slight changes in temperature 

and is attached to the locomotive valve chamber: (2) an electrical- 
ly operated gage which is located in the cab; and (3) a cadle which 
connects the thermo-couple to the gee. 


The indicating scale on the gage 

reads from 32° to 800° F, The figures 
from 32° to 300° are small beacause 
they are not so important. The fig- 
ures from 300° to S00° are iaportant 
because the effectiveness of the su- 
perheater is indicated by the readings 
within this temperature. range. 


USE OF THE PYRCMETER 


The pyrometer is effective only while 
the locomotive is being worked be- 
ceuse the temperature reading of the 
stean is teken as it enters the valve 
chamber. The reading should range 
from 600" to 750° fF. aA reading lower 
than this range while the loconotive 
is being worked, indicates that some- 
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thing is wrong. Careful observation of pyrometer readings under all 
conditions of locomotive performance Will soon familiarize the fire- 
man with the most efficient pyrometer temperature, 


A GRADUAL DROP in temperature indicates an improper condition of 
the fire or impaired draft. A RAPID DROP in temperature or a 
fluctuating reading, indicates that water 15 being carried over in- 
to the superneater units either because the boiler Water is foaming 
or because the water level is too high. Hoth foaming and high wa- 
ter will cause water to be carried to the cylinders, 












Fellure to maintain satisfactory pyrometer readings with good fire 
conditions in the firebox and good boller conditions indicates 
that something is wrong. This condition should be reported, 


DESCRIPTION OF THE SUPERHEATER 


The superheaters used on American locomotives all work on the same 
general principle, They add heat to the steam after it has left 
the boller. <A superheater does not increase the steam pressure in 
the boiler, but it does increase the steam efficiency. 


The essential parts of 4 superheater are the header and the super- 
heater units (Pie. 2). The header is located in the smokebox and 
has two compartments. One compartment receives the saturated steam 
from the steam dome of the boiler and passes it to the superheater 
units. The other compartment of the header receives the superheat- 
el steam from the superheater units and passes it to the cylinders. 
Most modern superheater locomotives have the throttle installed in 
the superheated steam compartment of the superheater header in- 
stead of in the steam dome which was the usuul location in older 
locomotives. 


The superheasater units ere 
located within the boiler 
flues. Each unit consists 
of four straigat tubes join- 
ed together with machine- . | 
forged return bends so that ee re. aa a 
each unit is complete with ol Sem NPATE 

one connection into the sat- 
urated steam chamber, anoth- 
er connection into the super- 
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heated steam chamber of the ee: eee 
header, and four straight Dove le a en Set 
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hauling capacity of a locomotive about thirty per cent and reduces 
both fuel and water consumption about twenty-five per cent. 


To be effective, a superheater locomotive must have a hot fire in 
the firebox. <A bright, clean fire maintained at a minimum thickness 
and kept clean, level, and even in depth is essential. aA hot fire 
is indicated when flames wre bright and short, aA low firebox tem- 
perature is indicated by long, smoky flames. Excessively bright 
spots indicate a low spot and too much draft at that point. Dark 
spots and smoky flames indicate poor combustion or not enough draft 
through that area. 


Because the pyrometer indicates how well the superheater is funce- 
tioning, the pyrometer gage gives a good indication of the kind of 
fire in the firebox. 
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HOW TO INTERPRET P¥YROMETER READINGS 
OBJECTIVES 


1, To explain the purpose of the pyrometer. 

—, To point out when the pyrometer should be read, 

o,. To explain how to interpret the pyrometer reading. 
INTHODUCTORY INFORMATION 


The gages found in the cad of a locomotive provide the crew with 
valuable infornation about the performance of the locomotive. They 
eliminate guesswork and uncertainty and provide a sound foundation 
upon which to judge what is taking place in the firebox and the 
boiler. 


The pyrometer is one of the most important gages on the locomotive. 
It indicates the temperature of the superheated steam entering the 
cylinders and reacts very quickly to any changes in Stéam conci- 
tions, Because the pyrometer gives such an accurate indication of 
the conditions in the locomotive boiler and in the firebox, its read- 
ings should be watched closely. Defects in the pyrometer should be 
reported. 


FPHOC EDURE 
WHE THE PYROLETER HEADING IS HIGH 
1. Make regular inspections of fire and boller conditions. The 
pyrometer resding (Pig. 1) will be the highest vhen the engine- 
man is working the locomotive the hardest because of the large 
amount of superheated steam passing through the cylinders, RKe- 
fer to Unit I-11 for an explanation of pyrometer readings. 


2. Observe the pyrometer readings frequently under 


all conditions of locomotive speed end work (Fig. HIGH READING- 
2) so that you can tell when the locomotive is faroMmorTiva 
Workilmg at its best efficiency. roars WARD 
Hie fA’ GOOO 
Jo. Gompare the pyrometer readings with different Cone: rionw 


conditions in the firebox and with different ¢con- 
ditions of the boiler water. <A little experi- 
ence will enable you te interpret pyrometer 
reodings. 


WHEN THE rYROLETER READING IS LOW 


l. Check the weter level in the boiler. When the 
Water level in the boller is too high, there 
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Will be o earry-over of water with the steom to the 
CRADUAL DROP oR superheater, This lowers the efficiency of the lo- 
LOW AEADING — comotive by 1%6 effect on the superheated stean. 
EITHER A BAO FIRE In addition, the lubrication of the cylinders and 


COD Os OF WwaTre 
frre CAGHI£$S OVER 


valves may be affected, resulting in Friction und 
possibly in damaged parts. Refer to Unit P-5, 
How to Pump the Holler, for instructions on chedck- 
ing the water level. 





a. Reduce the water supply to the boller if the water 
level i8 too high. 


5, Notify the engineman so that he can ease off on 
the torottle and open the cylinder cocks if the 
water is too high in the boiler. 


hapio OOP OR 4, Use the manual blowdown (if conditions permit) in 
FLUCTUATING HAND accordance with local instructions. Refer to Unit 


FOAMING OF P-10, How to Use the Manual Blowdown, for instruc- 
AGA WATE tions. 





5. Inspect the fire for a bead fire condition such as 
holes, banks, or fire creeping off the back grates, 
If a bad fire condition exists, it will be accon- 
anied by a drop in the boller-pressure gape read- 
ine . 


6. Take immediate steps to improve the fire if bad 
conditions are found, Refer to Unit P-8, How to 
Correct Bad Fire Conditions, and Unit I-8, iihat 
Can Happen to a Fire, for information, 


Observe the pyrometer when the locomotive is being Worked under 
different conditions so that you will Know what the normal 
reading should be, 


wtik THE PYROMLTZR READING #LUCTUnATES 


1. 


Check the water level in the boiler. jihen the pyrometer fluc- 
tuates, it fives an indication that water le being carried over 
from the boiler, This can be caused by high water or by foan- 
ing. 


Notify the engineman, correct the water level in the boiler, 
and use the manual blowdown as explained above. 


Inspect the fire and correct bad conditions if they are found, 
Both foaming and high water result in conditions that contri- 
bute to a hard steaming locomotive. They have a tendency to 
increase the draft and thereby disturb the fire bed. 
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CAUSES OF PLUGGED NETTINGS 








1. To describe the front-end netting. 

&. To explain the function of the front-end netting. 

oS. To tell why front-end nettings plug. 

4. To explain the effect of a plugged netting on the fire. 





The netting consists of a sereen in the front end of the locomo- 
tive so arranged that the combustion gases must pass through it to 
go out of the smoke stack (Fig. 1). The purpose of the netting is 
to prevent burning cinders or fuel from going out of the stack in 
pieces so large that they will continue to burn long anough to 
start a fire along the right of wy. 


The netting causes no difficulty under normal conditions, but if 
an excessive amount of cinders or partly burned coal is carried 
over, the effective netting area cannot handle it. This results 
in & plugeed netting cond o steam failure, <A piece of netting that 
has been plugged is shown in Pig. 1). 


It has been definitely proved that plugged nettings can be avoid- 
ed if the fireman understands ‘the causes and then fires the locomo- 
tlve accordingly. <a plugged 
netting kills the fire by 
choking off the draft through 
the firebox. This 18 4 very 
serious condition for when it 
occurs the locomotive must 
either be pulled off the run 
or the cinders must be clean- 
ed from the netting and the 
snokebox. 














Plureged nettings must be 

avoided by pre- 
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opment of condi- 
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CAUSES 


Tt has been found that most plugged net- Bihewist So Lace wei 
tings are o direct result of an UNBALANC- | PLUGG =—0e, | ce 
nL DRAFT through the fire bed, «any fire _ yee SS MY Mae 
condition which causes an unbalanced 
draft through the fire bed increases the 
carry-over of unburned fuel and einders 
over tho brick arch and tends to plug 
the front-end netting. Basically, this 
is a result of an uneven distribution of 
coal in the firebox. 


When these conditions exist, the normal 
flow of air is decreased through the 

heavy portion of the fire. This increases 
the draft through the lighter portion of 
the fire. If the stoker is used to feed 
coal to the light portion of the fire 
while the locomotive is working hard, the 
increesed draft creates a larger carry- 
over of cinders and pertly burned coal 

to the smokebox than the effective net- 
ting area can handle. This results in a 
plugged netting and a steam failure. He- 
fer to Unit FP-l2 for instructions for 
preventing plugged nettings. 





Crew cooperation plays an important part 
in the prevention of piugced front-end 
nettings. <A wide-open throttle or ca- 
pacity operation when the fire is not in 
the proper condition will increase the 
"carry-over" and plug the netting. 


cy 





SELZC TED REFERENCES 
Examinations for Firemen and Hostlers New York Central System 
Instructions for the Freparation __ 
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Traveling Enginesrs" Railway Fuel and Traveling 
Examination Book Engineers' Association 
Locomotive Cyclovedia Simmons, Boardmen Fub. Co, 
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HOW TO PREVENT PLUGGED NETTINGS 





OBJECTIVES 

1. To explain what is meant by a4 "plugezed netting." 

=. To tell how to prevent the netting from becoming plugged, 

3. To explain how to correct conditions that cause plugged nettings. 


4. To explain how crew cooperation may help to prevent a netting 
from becoming plugeed. 


INTRODUCTORY INFORMATION 


A plugged netting causes a steam failure and makes it necessary to 
take a locomotive out of service or to clean the netting and tha 
smokeboxr on the road. 


Nettings too often become plugged as a result of 
poor firing practices which allow the draft to be- 
come unbalanced. An unbalanced draft carries 
unburned coal over the brick arch (Fig. 1) and 
deposits it on the netting. Fig. & shows the size 
of the pieces that will be carried over at higher 
than normal speeds and illustrates why it i8 im- 
portant to maintain an even fire. xXefer to Unit 
i-l2 for a deseription of the netting. 


The draft through the fire bed is evenly distri- 
buted when the fire is in good condition on the 
grates and, as a result, the speed of the air 
through the fire bed is relatively low as illus- 
trated in Fig. 3s. 
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PROCEDURE 
Ho’! TO PREVENT PLUGGED NETTINGS 


1. Inspect the fire gat pergaesacd to determine whether or not condi- 
tions are present wh may cause an unbalanced draft through 
the fire bed. The most effective method of preventing a plug- 
ged netting is to make certain that the fire is in good condi- 
tion by making frequent inspections, FREJUENT INSPECTIONS will 
detect bad fire conditions esrly so that they cun be corrected 
before they cause serious delays. Refer to Unit P-z, How to 


Inspect the Fire. 


S. Estimate the depth of the fire by checking the distance from 
the top of the fire bed to the smoke-consumer holes which are 
approximately twenty inches from the grates. 


NOTE: The correct depth of the fire and ash should be ten 
inches or less, 


a. waeteh for conditions that cause an unbalanced draft, 


a. Check the fire for light spots or holes (Fig. 4) which 
couse an unbalanced draft through the fire bed. This con- 
dition may result in a carry-over of cinders or unburned 
fuel and is one of the main causes of a plugzed netting. 


b. Check for a heavy fire under the arch and for drifts or 
banks in other parts of the firebox, These cause an un- 
balanced draft condition because the dreft is restricted 
through the deep portions of the fire and is intensified 
through the Light portions, 


HOW TO CORRECT AH UNBALANCED DRAFT CAUSED BY HOLES GR LIGHT SPOTS 
1. Notify the engineman of the fire condition if it is serious. 
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He may assist by easing off on the throttle, or by closing the 
throttle if necessary, until the condition can be remedied. 


NOTE: If coal is supplied to the light spot while the lotomo- 
- tive is working hard, the heavy draft may cause 4 high 
carry-over and a plugeed netting results. 


&, Fill in the holes or light spots by hand firing with the sccep. 
It is not practicable to fill in holes by feeding coal with 
the stoker as the draft is so strong that it will carry the 
coal over the arch (Fig. 4}. 


3. Readjust the stoker jets to distribute the coal evenly over 
the fire bed. 


4, Inspect the fire frequently. Frequent inspections will enable 
the fireman to discover bad conditions in the firebox before 
they become serious. 


How TC CORRBCT AN UNBALANCED DRAFT RESULTING FROM A LIGHT SPOT 
ON THE BACK GRAT#S 





1. Inspect the fire, giving special uttention to the back enc of 
the firebox directly under the distributing table. 


It is difficult to see this part of the firebox and «4 bad con- 
dition at this point can be easily overlooked. If the fire 

is extra bright below the distributing table it may be as- 
sumed that there is a hole or light spot in that area. 


2. Correct the condition by the procedure given in the preceding 
section for other light spots. 


HOW TO CORRECT AN UNBALANCED DRAFT CAUSED BY BANKS 
1. Determine the cause of the bank (Tig. 5). 


NOTE: In addition to causing an 
unbalanced draft, banks 

PUAN) BANKS CAUSE UNBALANCED f 

ae, CRAFT AND CLINKERS = 


&, Apply one or more of the following 
remedies, a5 required, to correct 
the eondition. In some cases it 
fay De necessary to use all three 
methods, 
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a. Move the grates under the 
heavy portion of the fire 
to increase the draft through 
the banked nrea, 
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b. Level off the bank with the rake, being careful not to dise 
turb the fire bed as this might start a clinker. Hefer to 
Unit I-6 for causes of clinker formation, 


¢. Hand filre the light portions of the fire, if necessary, to 
equalize the draft. 


Readjust the stoker jeta to distribute the coal evenly over 
the fire bed. 


Inspect the fire frequently to make certain that the cause of 
the bank has been elininsated. 
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UNIT I-15 


THE SMOKE CONSUMER and the BLOWER 





OR SEC TIVES . 


1. To désceribe the blower, 

=. To tell what the blower does, 

™. To deseribe the smoke consumer. 

4. To explain how the smoke consumer eliminates smoke, 
INTRODUCTORY INF ORATION 


The bloWer and smoke consumer are used to assist if maintaining the 
fire and in preventing. excess smoke. Good judgment in the use of 
both of these devices is essential, 


The blower and the smoke consumer are deseribed in two separate 
sections of THis unit, 
THE BLOWER 


DESCRIMT TON OF THe BLOWS 


The blower is a device used to create a draft 
through the fire bed when the locomotive is — 
not working. It consists of three units: (1) 
i bDlowWer-control valve attached to the turret 
or to the superheated steam pipe to the cyl- 
inders (Fig. 1); (#) a ring fitting, or a 
nozzle fitting in the smokebox (Fic. 2}: and 
(3) a pipe which connects the blower valve 

to the blower fitting. 














ef pa ae ef Two blowers are usually provided on a locomo- 
Ve i tive, and when this is the case one blower 
oD lh he Valve is placed on the 
left side of the cab and 
one on thé right side. 
Tne blower on the frire- 
man's side discharges 
Steam through a ring 
blower and the one on the 
engineman's side dis- 
charges steam through 4 
nozzle or a second ring 
blower. The blower-dis- 
charge fittings are at- 
tached to the exhaust- 
nozzle buse in the smoke- 
box at the base of the 
amoke stack (Fig. &). 
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When the blower is turned on, live steam is discharged out through 
the smoke stack, thus creating a draft through the fire bed in the 
same way that the exhaust steam does when the locomotive is work- 

ing and discharging exhaust steam through the exhaust nozzle |Prig. 


=) 


USES OF THE BLOWER 


The blower has three functions: 


i. 


To ¢reate a draft when building up or maintaining the fire be- 
fore starting the run, and when long stops are made at the 
stations or on sidings. 


To keep gases and smoke from coming out into the cab when eadd- 
ing coal and when working on the fire, 


To control smoke. If the fire starts to die down when the 
engine is idle it may smoke unless sufficient draft is created 
with the blower to keep it burning. The blower may be used on 
& passenger train to lift smoke off the train if the locono- 
tive smokes when the throttle is eased off. 


ALWAYS OBSERVE, TEESE HULES 





i. 


ae 


<7 


Never use the blower STRONGEH than is absolutely necessary 


Shut off the blower as soon as it has accomplished 1ts purpose. 
The blower uses live steam and is a heavy drain on the boller, 


Use the blower with care if the fire is low or if there are 
holes in the fire. A draft of cool sir may damage flues 
and staybolts. 


WHEN TQ USE THE BLOWER 


Le 
fe 


Use the blower when starting the fire. 


Turn on the blower before opening the fire door when hand 
firing an idle engine to avoid gas and smoke in the cab, 


Use the blower, if necessary, to assist in avoiding black 
smoke around stations, terminals, or yards, while maintain- 
ing the fire. 


Use the blower if the fire gets low after a long wait. It is 


better to keep the fire up than to let it burn down too much 
and then have to build it up. 
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THE SMOKE CONSUNER 


DESURIPTION OF THE SMOKE 
CCHSUMER 


The smoke consumer Fig. 5) 
eougists of 4 row of noz- 
Zles along each of the two 
Sides of the firebox (Fig, 4). 
These nozzles are attached 


ee to conductor tukes along 
| wozz.e the sides of the firebox 
+ | About twenty inches above 


fl 


the grates. The nozzles 
on one Sidé are 80 arranged 
that they are not opposite 
those on the other side, 
The smoke consumer is turn- 
ed on and regulated by a 
Valve on the boiler head 

in the cab. 





The nozzles (Fig. 3) are 
designed so that air is drayvm into the firebox with the steam 
that is discharged from the nozzles when the smoke consumer is 
turned on. The smoke consumer mixes the steam and alr with gases 
present in the flretox and thus promotes more cormliets combustion 
of the gases and also decreases smoke. The stagrered arrangement 
of the nozzles creates cross eddies in the firebox and makes the 
smoke consumer more effective. 


WHEN TO USE THE SbOKE CONSUMER 


Apply the smoke consumer whenever the fire is belng inspected. 
This clears up the gases rapidly so that conditions in the fire- 
box ¢an be seen. 


et Se epee eee Apply the smoke consumer and the 
mee eo ee See blower at all times when building 

wpe ee a | abe up or maintaining fires in yards 
and around stations and terminals. 
This should be done before supply- 
ing coal to the firebox to avoid 
causing black smoke and to reduce 
the unburned gases expelled from 
the fresh coal. 
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The smoke-consumer valve should 
be opened before breaking up the 
bank when the fire is being pre- 
pared for train departure, and 
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the blower should be turned on until the smoke olears, 


Care should be taken to eliminate smoke in any smoke-restricted 
territory. Use the smoke consumer, if necessary, to avoid exces- 
Sive smoke. 





SELECTED REFERENCES 





Examinations for Firemen and Hostlers New York Central System 


Instructions for the Preparation 
and Maintenance of Locomotive Fires New York Central System 
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How TO PREVENT EXCESS SMOKE 





OBJECTIVES 


1. To point out the eauses of excess smoke. 


&. To explain how cooperation between the engineman and the fire- 
man can prevent excess smoke. 


us TO explain how to correct fire conditions which cause excesa 
Smoke . 


4. To expnlein how to use the blower to eliminate smoke. 


INTRODUCTORY INFORMATION 


ga) “o/a 
- a oti Bae 





_ It is assumed that the reader is familiar with the 
a preceding units in this manual and has a geod un- 
-, derstanding of how to fire ea locomotive. This wnit 
emphasizes those things that cause a locomotive to 
smoke and tells what to do to prevent excess smoke. 





Excess smoke can be avoided if the fire is in good 
condition, if coal is ‘supplied to the firebox in 
tha proper amount, and if the coal 1s evenly dis- 
tributed over the fire. bed. 


Black smoke is an indication of a waste of coal and 
is the result of overcrowling the fire, or, in 
other words, feeding coal to the firebox in such a 
guantity thet e sufficient supply of air cannot be 
obtained to burn the fuel. 


The proper use of the blower when the engine is 

idle and at other times when the throttle is closed, 
Will assist in eliminating smoke, The blover 
should never be used atronger than is absolutely 
necessary and should be shut off os soon as it ac- 
complishes its purpose: because it uses live steam 
directly from the boiler and burns out the fire. 


The smoke consumer should be used when coal is be- 
ing added to the fire when the locomotive is idlé 
and at other times when the throttle is closed, 





Standard Firing Equipment 
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Ex 





1. 


PREVENTING SMOKE WHEN PREPARING THE FIRE BEFORE 
QLART ON OU" 


PREVENTING SMOKE WHEN THE LOCOMOTIVE IS UNDER WAY 


PROCEDURE 









Turn on the blower before adding cosl to tie 
fire. The vlower should be used lightly and fp re 
then turned off as soon as the smoke is ee 
cleared up. or) ee. 


NOTE: When the locomotive is idle, the blow. 

er should be turned on before the fire 
door is opeted 86 that the smoke and gases fic’ a a 
Will not come out into the cab, ee ee 


Apply the smoke consumer before supplying 
coal to the firebox when building up or 
maintaining fires around stations, 
terminals, and in yards, Refer to a 
Unit I-15 for a description of the PES | ot ae 
smoke consumer and blower, - | ip pete 


Open the fire door, 


Add coal around the center bank or in 
the center of the horseshoe bank by 
handfiring with the scoop, 

Check the boller pressure. 

NOTE: The fire should be in good condition Brae 
- gnd should have within fifty pounds 
of maximum Steam pressure When the locomo- 
tive is turned over to the crew, 


Inspect the fire frequently for evenness and 
to make certain that the proper depth is be- 
lng malnteained. For couwplete information on 
how to inspect the fire, refer to Unit P-<, 
How to Inspect the Fire. 





NOTE: Uneven distribution of conl restricts 
the draft at the high spots and re- 
sults in incomplete combustion and excess 
smoking. Light spots intensify the draft Re fe 
causing a high carry-over of cinders and un- Ma oo Se 
burtied coal which tends to cause plugged “a —— 
front-end nettings. 
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Watch the grade, size, and condition of the coal in the tender, 
and regulate the stoker speed and jet pressures accordingly. 
see Unit I-6 for information on coal and combustion, #nd Unit 
P-6 for information on how to fire different kinds of coal. 


Adjust the stoker to run at an even speed and just fast enough 
to supply coal according to the steam demand. Refer to Unit 
Peo, HOW to Operate the Stoker. 


NOTE: Excess smoke is produced when the rate of firing exceeds 
the rate of burning. 


Adjust the stoker jets to the pressure required to get an even 
distribution of coal over the firebox. Hefer to Unit P-4, How 


to Adjust Stoker Jats, 


Do not use the stoker to supply coal to the firebox when the 
locomotive is. standing. Maintain the fire. by handfiring to 
keep the boiler pressure up. apply the smoke consumer as re- 
quired to prevent. smoke and use the blower to assist in pre- 
yenting smoke and to create sufficient draft to maintuin the 
fire. 


Malnteain steam pressure and have the fire in proper condition 
to start out. ‘ 

Apply the smoke consumer when inspecting the fire and when- 
ever it LS required to prevent smoke. 


Use the blower to assist in preventing smoke and to create 
sufficient draft fo maintain the fire, 


Avoid overcrowding the Tire at all times. A knowledge of the 
road ahead and the probable demands for more or less steam 
will enable the fireman to maintain a uniform boiler pressure 
by controlling his fire according to the gemand for steam. 


Close cooperntion between the enginemun and the fireman is an 
important facter in the elimination of objectionable smoke, 


NOTES: Take care to eliminate dense smoke in any smoke re- 
stricted territory, . 
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